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Sir: 

Appellants submit this Brief to appeal the Examiner's final rejection as set forth in 
the Office Action mailed January 9, 2009 (the "final Office Action"). The fee required 
under 37 CFR § 41.20(b)(2) is submitted herewith. 

The Notice of Appeal was filed on April 9, 2009. Thus, submission of this Brief is 

timely. 

Reversal of the Examiner's rejection of claims 1-5 and 11-15 by the Board of 
Patent Appeals and Interferences (the "Board") is respectfully requested. 

06/10/2909 SZEWDIEl 00868082 10567898 
I. REAL PARTY IN INTEREST 81 FC: 1482 548.08 OP 

The assignee, DSM IP ASSETS B.V. holds all rights in the subject invention, as 

well as the invention disclosed and claimed therein, by assignment from the inventors. 
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II. RELATED APPEALS AND INTERFERENCES 

Appellants, the assignee, and its legal representative do not know of any prior or 
pending appeal, interference, or judicial proceeding which is related to, directly affects 
or is directly affected by, or has a bearing on the Board's decision in this appeal. 

III. STATUS OF CLAIMS 

Claims 1-5 and 11-15 stand rejected. They are at issue in this appeal and listed 
in the Claims Appendix. 

Claims 6-10 and 16 are objected to. They are not at issue in this appeal. 

IV. STATUS OF AMENDMENTS 

No amendment was filed subsequent to final rejection. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention involved in this appeal is directed to a process for the preparation 
of a metal-organic compound comprising at least one phosphinimine ligand (see 
pending claim 1 ). The process comprising contacting a HA adduct of a phosphinimine 
ligand compound according to formula 1 with a metal-organic reagent of formula 2 in the 
presence of at least 2 equivalents of a base, wherein HA represents an acid, of which H 
represents its proton and A its conjugate base, 
with Y=N-H as formula 1 , 

and M v (Li) k (L 2 )i(L 3 ) m (U)nX as formula 2, 
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and wherein Y is defined by the formula : 

R 11 

f(-r 12 

R 13 (formula 3) 

wherein each R 1j , with j = 1-3 is independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a C1-8 alkoxy radical, a C 6 -io aryl or aryloxy radical, an 
amido radical, or a C1-20 hydrocarbyl radical unsubstituted or substituted by a halogen 
atom, a Ci. 8 alkoxy radical, a C6-10 aryl or aryloxy radical, an amido radical, a silyl radical 
of the formula: 

R 21 

— Si-R 22 

R 23 (formula 4) 

and a germanyl radical of the formula : 
R 21 

-Ge-R 22 

R 23 (formula 5) 

wherein R 2j is independently selected from the group consisting of hydrogen, a Ci- 8 alkyl 

or alkoxy radical, Ce-io aryl and aryloxy radicals, each substituent R 1j or R 2j may be 

linked with another R 1 or R 2 to form a ring system, 

and M represents a group 4 or group 5 metal ion 

V represents the valency of the metal ion, being 3, 4 or 5 

Li, L 2 , L 3 , and L 4 represent a ligand or a group 17 halogen atom on M and may be equal 
or different, 
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k, I, m, n = 0,1 , 2, 3, 4 with k+l+m+n+1 =V, and 
X represents a group 17 halogen atom. 

This invention is supported by original claim 1 and in the Specification at the 
following locations: the Abstract; page 1 line 33 to page 2 line 18; page 3 line 27 to page 
4 line 16; and page 6 lines 1-3. 

Therefore, the invention as presently claimed is clearly supported by Appellants' 
disclosure as originally filed. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. Under 35 U.S.C. 103(a), was it proper to reject claims 1-5 and 11-15 as allegedly 
unpatentable over U.S. Patent 6,355,744 in view of CA 2,261 ,518? 

VII. ARGUMENTS 

Claims 1 -5 and 11-15 should stand or fall together as one group. 

35 U.S.C. 103 - Nonobviousness 

A claimed invention is unpatentable if the differences between it and the prior art 
are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art. In re Kahn, 78 USPQ2d 
1329, 1334 (Fed. Cir. 2006) citing Graham v. John Deere, 148 USPQ 459 (1966). The 
Graham analysis needs to be made explicitly. KSR v. Teleflex, 82 USPQ2d 1385, 1396 
(2007). It requires findings of fact and a rational basis for combining the prior art disclo- 
sures to produce the claimed invention. See id. ("Often, it will be necessary for a court 
to look to interrelated teachings of multiple patents . . . and the background knowledge 
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possessed by a person having ordinary skill in the art, all in order to determine whether 
there was an apparent reason to combine the known elements in the fashion claimed by 
the patent at issue"). The use of hindsight reasoning is impermissible. See id. at 1397 
("A factfinder should be aware, of course, of the distortion caused by hindsight bias and 
must be cautious of arguments reliant upon ex post reasoning"). Thus, a prima facie 
case of obviousness requires "some rationale, articulation, or reasoned basis to explain 
why the conclusion of obviousness is correct." Kahn at 1335; see KSR at 1396. A claim 
that is directed to a combination of prior art elements "is not proved obvious merely by 
demon-strating that each of its elements was, independently, known in the prior art." Id. 
Finally, a determination of prima facie obviousness requires a reasonable expectation of 
success. See In re Rinehart, 189 USPQ 143, 148 (C.C.P.A. 1976). 

Claims 1-5 and 11-15 were rejected under Section 103(a) as allegedly being 
unpatentable over U.S. Patent 6,355,744 (cited as the '744 patent below) in view of 
Canadian Application 2,261,518 (cited as the CA'518 below). 

In the final rejection, the Examiner alleges that it would have been obvious for a 
skilled artisan to employ CA'518's aminophosphonium halide to the '744 patent's 
phosphinimine ligand containing metal-organic compound preparation process. The 
Examiner further assumes that the aminophosphonium salt can be neutralized with a 
strong base as described on page 3, last paragraph of CA'518. The last paragraph on 
page 3 of CA'518 describes the use of bases such as NaOH, NaOMe and BuLi. The 
use of NaOH and NaOMe may appear to provide the phosphinimine at first glance. 
However, Appellants urge the Board to consider the fact that the use of MeOH is 
generally known to hydrolyze the phosphimine to the thermodynamically more stable 
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and undesired phosphinoxide under liberation of MeNH 2 (Evidence Appendix, Exhibit 1: 
Hawkeswood et al., 84 Dalton Trans. 2182-87, (2005), second reaction in scheme 2, 
submitted in the Amendment and Response of December 5, 2008). Similar hydrolyzing 
reactions may be expected when NaOH and NaOMe are used to neutralize the 
aminophosphonium salt. Therefore, there is no reasonable expectation of success 
shown by the Examiner that a phosphimine would be produced by reacting the 
aminophosphonium salt with bases such as NaOH, NaOMe and BuLi. 

Appellants submit Grob (Evidence Appendix, Exhibit 2: Grob et al., 626 
Zeitschrift fuer Anorganische und allgemeine Chemie 1065-72 (2000)) for the Board's 
consideration. Grob teaches that strong bases have to be extremely pure to prevent 
hydrolysis of phosphinimine. Further, KNPPh3 can only be made in an extremely dry 
environment (Grob, page 1071 ). Mixtures that contain phosphinoxide are difficult to 
purify. In particular, BuLi is a very strong base that complicates selective formation of 
the NH-phosphinimine caused by deprotonation of the NH-phosphinimine to the NLi- 
phosphinimide, resulting again in separation problems. For the reasons stated above, 
one of ordinary skill in the art would not have employed CA'518's aminophosphonium 
halide to the '744 patent's phosphinimine ligand containing metal organic compound 
preparation process since the prior art teaches against such as approach. 

Furthermore, the Examiner's argument is based on the assumption that 
triethylamine is a stronger base than Y=N-H so that one would have expected that 
triethylamine would react with aminophosphonium halide to form phosphinimine and 
(Et 3 NH) + CI". See, Final Office Action, sentence spanning pages 2 and 3 where the 
Examiner states, "Since triethylamine is a stronger base than Y=N-H, one would also 
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have expected that the most common amine base, triethylamine, to react with 
aminophosphonium halide to form phosphinimine and (Et 3 NH) + CI" and further 
deprotonates the phosphinimine to provide Y=N- to react with the metal-organic reagent 
of formula 3 to prduce the metal-organic compound." Appellants respectfully disagree 
with the Examiner's contention. In fact, Clayden (Evidence Appendix, Exhibit 3: 
Clayden et al., Organic Chemistry, Oxford University Press 2001, submitted in the 
Amendment and Response of December 5, 2008) contradicts the Examiner's 
assumption, as can be derived from the pK values of Et 3 N (see, Clayton, page 199, 
which shows a pK value of 10.8,) and guanidine (see, Clayton, page 202, pK value of 
13.6). The pK value of guanidine is conservatively chosen as this is the lowest pK of the 
guanidine family. When substituted, the pK of the guanidine increases analogous to 
substitution of ammonia (pK increases from 9 to 1 1 , pp. 198-99). The value of the used 
phosphinimines is comparable to that of substituted guanidines since they are 
isoelectronic. Because of this, one of ordinary skill in the art would not have expected 
that triethylamine to react with aminophosphonium halide to form phosphinimine and 
(Et 3 NH) + Cr. 

For this reason, the combination of U.S. Patent 6,355,744 and CA 2,261,518 
does not render the claimed invention obvious, inter alia, because there is no 
expectation that such a combination would cooperated in the manner proposed by the 
Examiner in the Final Office Action. 

Appellants urge the Board to reverse the Section 103 rejection because their 
claimed invention would not have been obvious to one of ordinary skill in the art at the 
time it was made. 
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Conclusion 

For the reasons discussed above, the Examiner's rejection is improper and they 
should be reversed by the Board. Appellants submit that the pending claims are in 
condition for allowance and earnestly solicit an early Notice to that effect. 

Respectfully submitted, 



NIXON & VANDERHYE P.C. 




Eric Sinn 



Reg. No. 40,177 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703) 816-4000 
Facsimile: (703)816-4100 



o 
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VIII. CLAIMS APPENDIX 

1 . A process for the preparation of a metal-organic compound, comprising at least one 
phosphinimine ligand, the process comprising contacting a HA adduct of a 
phosphinimine ligand compound according to formula 1 with a metal-organic reagent of 
formula 2 in the presence of at least 2 equivalents of a base, wherein HA represents an 
acid, of which H represents its proton and A its conjugate base, 
with Y=N-H as formula 1 , 

and M v (L 1 ) k (L 2 )i(L 3 ) m (L 4 )nX as formula 2, 

and wherein Y is defined by the formula : 

R" 
P X -H K 

(formula 3) 

wherein each R 1j , with j = 1-3 is independently selected from the group consisting of a 
hydrogen atom, a halogen atom, a Ci. 8 alkoxy radical, a Ce-io aryl or aryloxy radical, an 
amido radical, or a C1.20 hydrocarbyl radical unsubstituted or substituted by a halogen 
atom, a Ci- 8 alkoxy radical, a C 6 -io aryl or aryloxy radical, an amido radical, a silyl radical 
of the formula: 

R 21 
-Si-R 22 

R 23 (formula 4) 

and a germanyl radical of the formula : 
R 21 

-Ge-R 22 

R 23 (formulas) 

wherein R 2) is independently selected from the group consisting of hydrogen, a Ci- 8 alkyl 
or alkoxy radical, C6-10 aryl and aryloxy radicals, each substituent R 1j or R 2j may be 
linked with another R 1 or R 2 to form a ring system, 
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and M represents a group 4 or group 5 metal ion 

V represents the valency of the metal ion, being 3, 4 or 5 

Li, L 2 , L 3l and L 4 represent a ligand or a group 17 halogen atom on M and may be equal 
or different, 

k, I, m, n = 0,1, 2, 3, 4 with k+l+m+n+1=V, and 
X represents a group 17 halogen atom. 

2. A process according to claim 1 , wherein the base is an organic base, an inorganic 
base or a metal-organic base. 

3. A process according to claim 1 , wherein the organic base is an amine or a 
phosphane. 

4. A process according to claim 1 , wherein the organic base is a dialkylamine, a 
trialkylamine, amonoarylamine, diarylamine or a triarylamine. 

5. A process according to claim 1 , wherein the base is triethylamine, pyridine, 
tripropylamine, tributylamine, 1, 4-diaza-bicyclo [2.2. 2] octane, pyrrolidine or piperidine. 

1 1 . A process according to claim 1 wherein the reaction is carried out in an aprotic 
solvent. 

12. A process according to claim 1 1 , wherein the solvent is the base. 

13. Process for the preparation of a polyolefin which comprises polymerizing an olefin 
monomer in the presence of a metal-organic compound made according to the process 
of claim 1, wherein the base is an olefin polymerisation compatible base, which metal- 
organic compound is activated anywhere in, or before polymerisation equipment. 
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14. Process according to claim 13, wherein the metal-organic compound is used 
without purification. 

15. Process according to claim 13, wherein the metal-organic compound is formed in 
the polymerisation equipment. 
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IX. EVIDENCE APPENDIX 



Exhibit 1 

Hawkeswood et al., Dalton Trans. 2182-87, 84 (2005) 



Syntheses and reactions of the bis-boryloxide 
0(Bpin) 2 (pin = 0 2 C 2 Me 4 ) 

Sarah Hawkeswood and Douglas W. Stephan* 

Department of Chemistry & Biochemistry, University of Windsor, Windsor, Ontario. Canada 
N9B3P4. E-mail: stephan@uwindsor.ca: Fax: (01) 5i9-973-7098 

Received 24th March 7003, Accepted 29th April 2005 
First pubtitkedas an Advance Aniete on the web 17th May 200S 




The reaction of the phosphine oxide*, OPEl, 1 and OPn-Bu, 2 with pinacolborane (HBpin) results in phosphine 
oxide reduction and the formation of OtBpin), 3. In contrast, the phosphine oxide OP/j-Bu, reacts with HBCQF,), or 
B(C»F»), to give only the donor-acceptor adducts. Compound 3 reacts with HNP/-Bu, to give the phosphinimonium 
borate salt. |r-Bu>PNH,H(8pin(OBpin),] 6, while reaction with Cp.ZrMc, affords the species CpjZrtOBpin), 7. 



Introduction 

The utility of methylalumoxane (MAO) as an activator for 
zircon occne olefin polymerisation catalysts was discovered 
25 years ago.' In this role MAO functions to alkylate early 
metal catalyst precursors and subsequently abstract an alky! 
group to generate a coord inativcly unsaturated metal cation and 
a weak or non-coordinating anion. The need to use typically 
1000 equivalents of MAO to effect precatalyst activation as well 
as intellectual properties issues prompted researchers to seek 
alternative activators. Perhaps the most successful alternatives 
were developed by Exxon researchers in the I980*s and arc based 
on Lewis acidic fluorinated-uryl-borane and the corresponding 
non-coordinating borates. More recently the research groups of 
Marks.*-" Piers. Bnd Bochmann'* have developed a variety 
of more complex fluorinated B- and Al-bascd , *" , " Lewis add 
activators and non-coordinating anions (Scheme I). Nonethe- 
less* the commercial use of many of creative developments are 
limited by the broad range of compounds defined in Exxon 
paten is.'*-" In our efforts, we have focused on the study of the 
fundamental reactivity of Group 13 compounds with the view 
that new reactivity will offer alternative avenues to activators or 
non-coordinating anions. To this end, we continue to explore 
the chemistry of borancs. In recent work, we have described 
the stcric effects on the reaction pathways of phosphinimincs 
and dialkoxyborancs." Phosphinimines with sterically small 
substituents on P underwent reduction to the corresponding 
phosphine upon reaction with borane. In this manuscript, we 
probe the application of this finding to the reduction of phos- 
phine oxides. The reaction of pinacolborane with phosphine 



oxides provides a facile and clean route to a bis-boryloxide 
which is readily converted to an unusual phosphinimonium 
bis-boryloxide- borate salt. Reactivity of the bis-boryloxide 
with dimethyhdreonoccne is also described and the implica- 
tions regarding the potential utility of these compounds is 



Experimental 
General data 

All preparations were performed under an atmosphere of dry 
0,-free N, employing either Schlcnk-linc techniques or a Vac- 
uum Atmospheres glovebox. Solvents were purified employing 
Crubbs- type column systems manufactured by Innovative Tech- 
nologies or were distilled from the appropriate drying agents 
under N 2 . HBpin (pinacolborane). Pn-Buj, PEl>, and N,SiMe, 
were used as received from Sigma* A Id rich. Modified literature 
procedures were used to synthesize the phosphinimincs* 'H. 
"B{'H), "F, "Pf/H) and "CfH) NMR spectra were recorded 
on Bruker Avance spectrometers. These spectrometers operate 
at cither 300 or 500 M Hz for • H NMR spectroscopy. Deulcrated 
benzene and toluene were purchased from Cambridge Isotopes 
Laboratories, vacuum distilled from the appropriate drying 
agents and freeze-pump-thaw-degassed (3x). CD* was used to 
record the NMR spectra unless otherwise indicated. For *H and 
"C{'H} NMR spectra, trace amounts of protonated solvents 
were used as reference and NMR chemical shifts are reported 
relative to SiMc. "Pl/H) NMR spectra are referenced to 85% 
H, Poland ,, B{ , H) NMR spectra are referenced to BFrOEt, 




B(C B F S ), |B<C«F»)«r 



8<C*F&> 



f rc«F«) F 



F IgtHh 

^^^^^ 



T- 



Scfcemv I Some B-bawrd aciivatoi* «mj non-coordinating anion* 



.11S2/-I Otttan Trtnt., JQOS. 21S2-21BT ] 7h,> ., © T * * P*>#> Sorrrt, at Chrm.irr, ?00i 
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and W F NMR spectra are referenced to CCI>F. Combustion 
analyses were performed ai the University of Windsor Chemical 
Laboratories. 

Syntheses 

Synthesis of OPR> (R = Et 1, «-Bu 2). These compounds 
were prepared in a similar fashion and thus one preparation 
is detailed. 7b neat EtjPNSiMd (4.0 g, 18.8 mmol) was added 
excess dry methanol (30 mL) via cannula at 25 °C The resulting 
solution was refluxed for 16 h. The excess methanol, MeOSiMej 
and MeNHj were removed in vacuo over a 6 h period. The 
product was crystallized from a pentane solution, dried in mcuo 
and recovered in 82% yield. I: *H NMR (ppm): 1.16 (m, 6H, 
CH>Mc),0.86(m^H,Me); "P^H) NMR (ppm): 46.2; "C^H) 
NMR (ppm): 20.6 (d, PCH,, V f . c = 65.8 Hz); 6.2 (s. Me). 
Calcd: H: 11.27%, C: 53.72%; Found: H: 11.16%, C: 53.58%. 
2; 85% yield. »H NMR (ppm): L42 (m. 6H, PCH,) t IJ5 (m, 
6H, CH,CH.CH,). 1.23 (sextet, 6H. CH,Mc), Vh-h 4 Hz), 
0.79 (i, 9H, Me, V». H = 8 Hz); ll P{'H} NMR (ppm): 42.0; 
°C('H) NMR (ppm): 28.9 <d. PCHj). V, r = 32 H2), 24.9 (d. 
CH»CH s CHi, Vm- = 6 Hz), 24.7 (d. CH,Mc. V,. c = 2 Hz), 
14,2 (s, Me). Calcd: H: 12.47%, C: 66.02%; Found: H: 12.49%, 
C: 65.98%. 

Synthesis of O(Bpm), X 

Method (i). This method involves reaction of HBpin and one 
of 1, 2 or OPPh,, thus one such preparation is detailed. HBpin 
(0.344 mL, 2.73 mmol) was added via syringe to a solution of 
1 (0.150 g, 1.13 mmol) in 25 mL of toluene. The solution was 
heated at reflux for 72 h. Toluene and Et> P were removed in vacuo 
and the product was dissolved m minimal amounts of pentancs. 
A crystalline product precipitated at ~33°Cand the supernatant 
was removed. The crystals of 3 were washed with cold pentancs, 
dried in vacuo and isolated in 92% yield. X-Ray quality crystals 
were obtained by recrystatlizaiion from pemanes at -33 *C. 

Method /it). ONMe, (0.129 g, 1.72 mmol) was added to a 
100 mL Schlcnk ftask 10 which 40 mL of toluene was added. 
HBpin (0.5 mL. 3.45 mmol) was slowly added to the toluene 
slurry. The flask was pui under sialic vacuum and stirred for 1 h. 
The solvent and NMe, were removed in vatvo and the resulting 
white solid was dried m vacuo for 16 h. The white solid was 
isolated in 96% yield. 'H NMR (ppm): 1. 00 (s. Me); "C{'H] 
NMR (ppm): 83.3 (s, BOC), 25.0 (s. Me); U B{'H} NMR (ppm): 
21.6 (0. m 750 Hz). Calcd: H: S.96%; C: 53.39%; Found: H: 
8.85% C: 53.16%. 

Synthesis of (^B^POHBfCF,), 4 and (a-Bo,PO)B(C;F,)> 
S. These compounds were prepared in a similar fashion and 
thus one preparation is detailed. To a solution or 2 (0.041 g. 
0.188 mmol) in 3 mL of toluene, was added a solution of 
HB(C*F,) l (0.065 g, 0.188 mmol) in 3 mL of toluene. The 
solution was stirred for 72 h. The solvent was removed in vacuo 
and the product was obtained in 88% yield. 4: 'H NMR (ppm): 
1.30 (m, 6H, PCH,), 1.00 (m. I2H. CH 3 CH,CH,Me). 0.67 (t, 
9H. Me, V» « m 7 Hz). "Pf'H) NMR (ppm): 76.7: n C{'H} 
NMR (C.D S CD,, ppm): 25.1 (d, V,. c = 64 Hz). 24.0 (d, V, c = 

15 Hi). 23.2, 13.3; "B NMR (ppm): -12.7; "F NMR (ppm): 
-136.5, -159.7. -165.3. Calcd: H: 5.00%, C: 51.09%; Found: 
H:4.88%. C: 5 1 .01%. 5: 87% yield. • H NMR (ppm): 1 .28 (m, 6H, 
PCH : K 0.91 (m, I2H. CH,CH,CH,). 0.62 (t. 9H, Me, l J„,« = 
7 Hz): "P{'H} NMR (ppm): 71.8; "C^H} NMR (ppm): 148 8 
(d(mh 7c* « 242 Hz, C fc F> (t»-Q). 140.7 (d(m), X J^ = 249 Hz. 

(p-Q) y 138.0 (d(ro). 7 0 ^ - 249 Hz, (m-O). 25.3 
Id. PCH : CH 3 , 'A c m 66 Hz), 24.2 (d. CH 3 CH,CH,), 5 J, r = 

16 Hz>, 23.3 (s, CHiCHiMe). 13 5 (s. CHjMe): n B{'H) NMR 
(ppm): -2.7 (br); "F NMR (ppm): -134.0, -157.7, -164.1. 
Calcd: H: 3.73%, C: 49.34%; Found: H: 3.72%, C: 48.82%. 

Synthesis of |r-BujPNH,||(Bpm(OBpm)ij 6, Solid 3 (0.03 g, 
0.11 mmol) was added to a solution of /Bu^PNH (0.024 g, 
QJ t mmol) in 2 mL of pentane, A white solid precipitated from 



the pentane solution immediately. The mixture was stirred for 
2 h and set aside to allow the solid to settle in the vial. The 
pentane soluble product (/Bu,PNBpin) was decanted off and 
the solid was washed twice with 2 mL of pentane. The product 
was dried hi vacuo, resulting in a fine while powder in 80% 
yield. X-Ray quality crystals grew from a toluene solution. 'H 
NMR (partial, ppm): 1.1 1 (d, 27H, f-Bu, V, H = 12 Hz). 1.11 
(brs,36H.BOCMe); M P{ , H)NMR(ppm):6L9; l, C{ , H}NMR 
(partial, ppm): 39.5 (d. /-Bu, "J^ m 45 Hz) t 29.6 (s, /-Bu), 26.5 
(s, OCMe), 25.3 (s. OCMe). M B{'H) NMR (ppm): 21.9, 9.3. 
Calcd: C: 57.08%, H: 10.39%. N: 2.21%; Found: C; 57,23%, H: 
10.40%, N: 2.23%. 

Synthesis of Cp,Zr(OBpin), 7. To a solution of 3 (0. 106 g. 
0.398 mmol) in 25 mL of toluene was added solid Cp>£rMc, 
(0,050 g, 0.199 mmol). The solution was refluxed for 16 h, 
followed by removal of toluene and MeBpin in vacuo. The solid 
was washed three times with pentane, dissolved in a minimal 
amount of toluene and stored at -33 °C Crystalline material 
precipitated from the pentane solution, the supernatant was 
decanted ofT, and the product was dried in vacuo. A white 
crystalline solid was collected in 82% yield. X-Ray quality 
crystals were obtained by ^crystallization from pentane at 
-33 °C. 'H NMR (ppm): 6.15 (s, 10H, Cp), 1.14 (s, 24H, Me); 
,J C{' H} NMR (ppm): 1 14.3 (s, Cp). 8 1.3 (s, BOC), 25.4 {% Mc); 
M B{'H) NMR (ppm): 19.2. Calcd: H: 6.75X C; 52.08%; Found; 
H:6.79%,C: 51.85%. 

X-Ray data collection and reduction 

Crystals were manipulated and mounted in capillaries in a 
gjovc box, thus maintaining a dry, Oj-free environment for 
each crystal Diffraction experiments were performed on a 
Siemens SMART System CCD difTractorneter. The data were 
collected in a hemisphere of data in 1 329 frames with 10 second 
exposure times. The observed extinctions were consistent with 
the space groups in each case. The data sets were collected 
(4.5° < 20 < 45-50.0°). A measure of decay was obtained by re- 
collecting the first 50 frames of each data set. The intensities of 
reflections within these frames showed no statistically significant 
change over the duration of the data collections. The data were 
processed using the SAINT and XPRE? processing packages 
An empirical absorption correction based on redundant data 
was applied to each data set. Subsequent solution and refinement 
was performed using the SHELXTL solution package. See 
Table I for crystallography data. 

Structure solution and refinement. Non-hydrogen atomic 
scattering factors were taken from the literature tabulations." 
The heavy atom positions were determined using direct methods 
employing the SHELXTL direct methods routine The remain- 
ing non-hydrogen atoms were located from successive difference 
Fourier map calculations. The refinements were carried out by 
using full-matrix least squares techniques on F. In the final 
cycles of each refinement, all non-hydrogen atoms were assigned 
anisotropic temperature factors in the absence of disorder or 
insufficient data. In the case of 3 the oxygen and chelate carbon 
atoms are disordered and were modelled with two orientations. 
For 7 disorder of the pinacolate chelates were modelled with 
two orientations of the O and C atoms in the chelate ring. In 
these cases the fractional atoms were refined iso tropically and 
the hydrogen atoms for the pinacolate methyl groups were not 
included. C-H atom positions were calculated and allowed to 
ride on the carbon to which they are bonded assuming a C- 
H bond length or 0.95 A. H-atom temperature factors were 
fixed at 1. 10 times the isotropic temperature factor of the C- 
atom to which they are bonded. The H-atom contributions 
were calculated, but not refined with the exception of the 
phosphinammonium protons in 6 which were located and 
refined. The locations of the largest peaks in rhe final difference 
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Table I Crysultographic daio 



Crystal 


3 


6 


7 


Molecular formula 


C 4i H :< B;0 


C*H„B,NaP 


CjiH„BiO*£r 


Formula weight 


269.93 


631.23 


507.33 


o/A 




10.752(3) 


20.276(1!) 


b/k 


21.289(13) 


13.737(4) 


13.162(8) 


i-/A 


11.767(7) 


14.181(4) 


19.540(11) 


a/ 9 


90 


94.422(6) 


90 


ft/° 


95.599(12) 


104.550(6) 


100.694(13) 


Y'° 


90 


106.244(6) 


90 


Crystal system 


Monoclinic 


Trictinic 


Monoclinic 


Space group 




Pi 


C2/c 


1631.5(17) 


1921.9(9) 


5124{5) 




1.099 


1.091 


1.315 


2 


4 


2 


8 




0.081 


0.114 


0461 


0 range/ 6 


1.91-23.27 


1.50-23.32 


1.85-23.29 


Reflections 


6727 


8994 


10468 


Data FJ * MF. 1 ) 


2340 


5469 


3687 


Parameters 


253 


394 


260 


R* 


0.0974 


0.0854 


0.0942 


*.* 


0.2677 


0.1554 


0.2410 


Goodness of fit 


0.384 


0.843 


1,031 



Data collected at 20 B C with Mo-Ko radiation (X «= 0.71069 A).- H - 



Fourier mapcalculaiion as well as ihc magnitude of the residual 
electron densities in each case were of no chemical significance. 

CCDC reference number* 26679 1-266793. 

See http://www.rsc.org/suppdata/dt/b5/b504246a/ for cry- 
stallographic data in C1F or other electronic format. 



Results and discussion 

The alcoholysis of AMrimethylsilylphosphinimines is a firmly 
established route to A^H►pho3phinimines,*• w * ,, While this re- 
action has been exploited extensively for the preparation of 
sterically bulky phosphinimines, the aJcoholysis of less bulky 
phosphinimines to /V-H -phosphinimines has been shown to 
be more sensitive, requiring the use of lower temperatures 
(-30 °C)." Herein, the analogous reactions of sterically unen- 
cumbered rV-trimethylsUylphosphinimines at 25 °C are shown 
to result in the further transformation of /V-H -phosphinimines 
to ihc corresponding phosphinc oxides. In this fashion, the 
phosphine oxides, OPEtj I and OP/?-8u, 2 were obtained from 
the precursors RtPNSiMe,. The spectral data and elemental 
analyses confirmed the formulations of the products. 1 and 2. 
The impact of stcric cITects on the reaction pathways in the 
protonolyses is reminiscent of those recently described for the 
reactions of phosphinimines and pinacolborane* where small 
substitucnts prompted P-N bond cleavage. By analogy, theclose 
approach of the sterically unencumbered electropositive P atom 
and an alcohol O atom presumably prompts the transformation 
to phosphine oxide (Scheme 2). 

N -UeOSlMe, N -MftNH, || 

II * II — 

D4 ,P V MeOH « / R 
R f N R McOH R p* R R 

R R = £t1./v8u2 

H 2HBpln/ -pr^h, 

o' y Vy yo 

Scheme 2 Synt hesu of 3. 
■ .3ra;4; | Dafto/i Tfanj,. 100S. 1182-3187 I 



The reactions of pinacolborane with the tertiary phosphine 
oxides I, 2 or OPPh, were conducted in refluxing toluene for 
72 h. »P{»H) and "Bf'HJ NMR spectroscopy on the crude 
reaction mixture suggested the complete conversion to the 
corresponding tertiary phosphine and the formation of a single 
boron-containing compound 3. The boron-containing product 
was the same in each of these three reactions. In the case of 
the reaction of I , the volatility of PEtj resulted in its facile 
removal by vacuum affording 3 cleanly in 9?/* yield. For the 
corresponding reaction of 2, removal or Pfr-Bui was effected 
via precipitation of 3 from peniane at -33 °C giving 3 in 65% 
yield. Finally in the case of the reaction of OPPhi filtration 
through Celite and removal of pentane yielded 3 in 75% yield. 
X-Ray crystallography (Fig, I) and 'H, "Bf'H}, and "C{'H) 
NMR spectroscopy were consistent with the formulation of 3 as 
O(Bpin),. 




Fty. 1 ORTEP drawing of 3, 30% thermal ellipsoids are shown. 
Hydrogen atoms arc omitted for eta riiy, one orientation of the disordered 
oxygens and ohetaie carbons are shown. 

X-Ray cry stallographic data for 3 confirmed the formulation 
and revealed that although there was significant disorder of 
the oxygen positions, the average B-O bond distances for 
the bridging oxygen atom was 1.36(2) A while the B-O- 
B' angle in 3 was found to average 136(2)*. These bond 
distances arc similar to those observed in the related boryloxides 
OCBderphenyl),), (1.340(2) A and 1.347(2) A) * CX&MCKN/- 
Pr,),), (1.367(3) A and 1.367(3) A) » OfBiN^h^Q), (1.365(4) 
A and 1.370(4) A)* and 0(B(C»H r 2,4.6-/-Bu ) )j) l (1.370(2) A 
and 1.359(2) A). n The disorder of the pinacolale chelate rings 
precludes direct comparison with the related species (Bpin)," 
and (BpinMOCMe^CMejO). 1 * The overall geometry of 3 is 
reminiscent of that recently reported for the species HN(Bpin), 
where the B-N-B angle was found to be 132.9(3)°. However 
the B-0 distances in 3 are significantly shorter than the B-N 
distance in HN(Bpin), (1.419(6) A)» 

Several alternative syntheses of 3 were also uncovered. 
Prolonged reflux of pinacolborane in toluene (144 h). afforded 
numerous products including 3 which was isolated in 1 3% yield. 
An efficient route to 3 was shown to involve the reaction 
of Me»NO with pinacolborane at 25 °C (Scheme 2), which 
affords 3 in 96% isolated yield. Similar reactions of trial Icy I- or 
triarylboranes with amine oxides reported by K osier and Morita 
were shown to give trial koxy- or triphenoxyboranes.* 1 Similarly, 
reactions of species containing B-H bonds with amine-oxides 
afforded boryl-hydroxides. Thus, the reaction of pinacolborane 
and phosphine oxide or amine oxide is consistent with the 
proposed mechanism that results in reduction of the phosphine 
oxide or amine oxide and generation of the transient boryl- 
hydroxide species HOBpin which reacts immediately with excess 
borane to give 3. A similar mechanism involving transient boryl- 
hydroxides has been previously suggested for the oxidation of 
organoboranes with amine oxides. 49 

Other researchers have probed reductions of Group 15 and 
Croup 16 elements with borane*. Some years ago, Kostcr and 
Morita showed thai OPPhi is reduced by B>Pr». BPr», BEt 3 H and 
bXNRt)}.* 1 although these reactions result in multiple boron- 
containing products. More recently, reduction of OPR, has been 
shown to occur in the presence of excess BHrSMe,, producing 
phosphine-borane adducts. a> " In addition, the deoxygenation 
of sulfoxides (RjSO) to sulfides effected by reaction with 
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Tabic I Crysullographic dam 



Crystal 


3 


6 


7 


Molecular foimula 


C„H M B ? 0 


CH H B,NaP 


C„H,.BiO*2r 


Formula weight 


269.93 


631.23 


507.33 


a/A 


6.544<4> 


10.752(3) 


20.276(11) 


b/A 


21.289(13) 


13.737(4) 


13.162(8) 


i/A 


11.767(7) 


14.181(4) 


19.540(11) 


o/° 


90 


94.422(6) 


90 


ft/ a 


95,599(I2> 


104.550(6) 


100,694(13) 


Crystal lystem 


90 


106.244(6) 


90 


Monoclintc 


Triclinic 


Monoclinic 


Space group 
V/A* 




PT 


C2/t 


I631.$<17> 


1921.9(9) 


5124(5) 




1.099 


1.091 


I.31S 


Z 


4 


2 


8 


///mm'' 


0.08 1 


0.114 


0.461 


0 range/* 


1.91-23,27 


1.50-23.32 


1.85-23.29 


Reflect ions 


6727 


8994 


1046S 


Data FJ > 3«{/7) 


2340 


5469 


3687 


Parameters 


253 


394 


260 


ff 


0.0974 


0.0854 


0.0942 


*.* 


0.2677 


0.1554 


0.2410 


Goodness of fit 


0.834 


0.843 


1.031 



Daui collected at 20 °C with Mo-Ko radtaiion (J « 0.71069 A)/ R - 



Fourier map calculation as well as the magnitude of the residual 
electron densiiies m each case were of no chemical significance. 

CCDC reference numbers 26679 1-266793. 

Sec http://www.rsc.org/suppdate/dt/b5/b5W246a/ for cry- 
siallographic data in CIF or other electronic formal. 



Results and discussion 

The alcoholysis of A-trimeihylsilylphosphinimines is a firmly 
established route to #^^03?^™™^***'" While this re- 
action has been exploited extensively for the preparation of 
sterically bulky phosphini mines, the alcoholysis of less bulky 
phosphintmines lo ^H-phosphinimines has been shown to 
be more sensitive, requiring the use of lower temperatures 
(-30 °C). n Herein, the analogous reactions of sicrically unen- 
cumbered AMrimethyUtlylphosphinimines at 25 °C are shown 
to result in the further transformation of /V-H-phosphinimines 
to the corresponding phosphinc oxides. In this fashion, the 
phosphine oxides, OPEt A I and OP/t-Bu, 2 were obtained from 
the precursors R,PNSiMe>. The speciral data and elemental 
analyses confirmed the formulations of the products. 1 and 2. 
The impact of stcric elTects on the reaction pathways in the 
proionolyses is reminiscent of those recently described for the 
reactions of phosphinimines and pinacolboranes where small 
substhuenis prompted P-N bond cleavage: By analogy, the close 
approach of the sterically unencumbered electropositive P atom 
and an alcohol O atom presumably prompts the transformation 
to phosphinc oxide (Scheme 2), 




R = EM.n-Bu 7 



7 HBp\nJ H? 



Scheme 2 Synthesis of 3. 



The reactions of pinacolborane with the tertiary phosphine 
oxides l» 2 or OPPh, were conducted in refluxing toluene for 
72 h. *9{ % H) and M B{'H) NMR spectroscopy on the erode 
reaction mixture suggested the complete conversion to the 
corresponding tertiary phosphine and the formation of a single 
boron-containing compound 3. The boron-containing product 
was the same in each of these three reactions In the case of 
the reaction of I, the volatility of PEtj resulted in its facile 
removal by vacuum affording 3 cleanly in 92% yield. For (he 
corresponding reaction of 2, removal of P/r-Bu* was effected 
vw precipitation of 3 from pen lane at -33 °C giving 3 in 65% 
yield. Finally in the case of the reaction of OPPhi filtration 
through Celite and removal of pen lane yielded 3 in 75% yield. 
X-Ray crystallography (Fig. I) and 'H, "B{'H), and '*C{'H) 
NMR spectroscopy were consistent with the formulation of 3 as 
O(Bpin),. 




Ffy 1 ORTEP drawing of 3, 30% thermal ellipsoids arc shown. 
Hydrogen atoms are omitted for clarity, one orientation of the disordered 
oxygens and chelate carbons are shown. 

X-Ray crystal lographic data for 3 confirmed the formulation 
and revealed that although there was significant disorder of 
the oxygen positions, the average B-O bond distances for 
the bridging oxygen atom was 1.36(2) A while the B-O- 
B > angle in 3 was found to average 136(2)°. These bond 
distances are similar to those observed in the related boryloxides 
OtBUerpheriylK)! (1.340(2) A and 1.347(2) A).* 0(BtCI(N/. 
Pr,),), (1.367(3) A and 1.367(3) A) » 0(B<N»<Ph)»Q), (1.365(4) 
A and 1.370(4) A)** and 0(B(C t Hr2 ( 4.6./-Bu I ) 1 ) > (1.370(2) A 
and 1.359(2) A). n The disorder of the pinacolate chelate rings 
precludes direct comparison with the related species (Bpin), 1 * 
and (BpinMOCMcCMcO). 1 * The overall geometry of 3 is 
reminiscent of that recently reported for the species HN(Bpinh 
where the B-N-B angle was found to be 132.9(3)°. However 
the B-O distunces in 3 are significantly shorter than the B-N 
distance in HN(Bpin), (1.419(6) A). M 

Several alternative syntheses of 3 were also uncovered. 
Prolonged reflux of pinacolborane in toluene <144 h), afTorded 
numerous products including 3 which was isolated in 1 3% yield. 
An efficient route to 3 was shown to involve the reaction 
of Me»NO with pinacolborane at 25 °C (Scheme 2), which 
affords 3 in 96% isolated yield. Similar reactions of trialkyl- or 
triarylboranes with amine oxides reported by Koster and Morita 
were shown to give trialkoxy- or triphenoxyboranes." Similarly, 
reactions of species containing B-H bonds with amine-oxtdes 
afforded beryl-hydroxides. Thus, the reaction of pinacolborane 
and phosphine oxide or amine oxide is consistent with the 
proposed mechanism that results in reduction of the phosphine 
oxide or amine oxide and generation of the transient boryl- 
hydroxide species HOBpin which reacts immediately with excess 
boranetogive3, A similar mechanism involving transient boryl- 
hydroxides has been previously suggested for the oxidation of 
organoboranes with amine oxides. 4 * 

Other researchers have probed reductions of Group 15 and 
Croup 16 elements with boranes. Some years ago, Koster and 
Morita showed that OPPh, is reduced by B,Pr.. BPr», BEt,H and 
BfNRi),,* 1 although these reactions result in multiple boron- 
containing products. More recently, reduction of OPR, has been 
shown to occur in the presence of excess BH v SMe 3 , producing 
phosphine-borane adducts.* ,> ° In addition, the deoxygenaiion 
of sulfoxides (R 2 SO) to sulfides effected by reaction with 
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fig. 3 ORTCP drawing or 7. 30% thermal ellipsoids are shown. 
Hydrogen atoms ore omitted for clarity, one orientation of the disor- 
dered chelate carbons arc shown. Selected distances (A) and angles 
fl Zr(l>0|4) 2.01 H9). ZfOhOO) 2.025(8), 0(l>-B(l) IJ9KI6), 
Ot2>-B(l) 1.311(17). QOhBi\) 1.400(17), 0(4^6X2) 1.280(1 5). 
0(5>-B(2) I.360|I6>. 0(6J-B(2) 1.357(16): 0(4>-Zrtl)-0(l> 97.6(3), 
B<IK)(}j-Zr1l> 1 56.0(9). 8(2>-0<4)-2rf I) 154.2(9). 0(2>-B(1)-O{3) 
108.WI3K 0(5)-Ba>-Ol6) 108.3(12). 



The facile formation of 7 from the reaction of CpjZrMe, 
and 3 is thought to be initiated by interaction of the Lewis 
acidic B center with the Zr-bound methyl group. This prompts 
simultaneous formation of MeBpin and transfer of the boryl- 
oxide ligand to Zr. Presumably this process repeats to give 7. 
Al! attempts to intercept the intermediate in this process were 
unsuccessful. This chemistry reflects both the acidity of the B 
centers and the reactivity of the B-O bonds in 3. Thus, while 
the reactivity shown herein aflbrds a new synthetic route to 
a B-based anion, the lability of the B-0 bonds makes these 
boryloxidcs unsuitable for use as activators or non-coordinating 
anions. EITorts are underway to utilize this unique synthetic 
route to prepare related boryloxide salts in which the B-O bond 
strengths are enhanced by the introduction of electronically 
favorable and sterically demanding substituents. The results of 
these efforts will be reported in due course. 



Zr-0 bond distances of 2.0)1(9) A and 2.025(8) A with a 
O-Zr-O angle of 97.6(3)°. in comparison, the Zr~0 bond 
. distances and O-Zr-C bond angles in the zirconooenc-alkoxide 
species, CfcZUu-OCHjCMcjCHjOhZrCp* and CfbZrfti. 
CXTHjQH.CHjOjZrCp, are 1.945(6) A, 1.946(6) A, 101.4*3)° 
and 99.4(1)°, respectively" The longer Zr-O bond length in 
7 is consistent with the presence of the Lewis acidic boron 
center. The larger angles at Zr in the zirconocene-alkoxides may 
be an artifact of the macrocytic nature of these complexes. 
The B-O bond distances were determined to be 1.291(16) A 
and 1.280(15) A with Zr-O-B bond angles of 156.0X9)° and 
1 54.219)°. In addition, the Bpin units are canted with respect to 
thcZrOj plane by only 1 8.0° and 5.7° respectively. This geometry 
places the acceptor B p-orbital approximately orthogonal to a 
vacant a, molecular orbital on Zr, thus providing for strong Zr- 
O and B-0 n-bonding and accounting for the increase in ihe 
angle at O. 

Previous reports regarding the chemistry of boryloxidcs have 
been sparse over the last 15 years. The groups of Power, 
Chisholm, Gibson and Serwaiowski have utilized boryloxide 
ligands to form metal complexes of Li, Co. Mn, Fc, Al, Zn 
and Cd. 1 ** 1 In addition only two examples of Zr complexes 
containing boryloxide ligands have been reported. Balk will et al 
have described Ihe bimetallic complexes (CfhZrtu^OjBAr)), 
<Ar tx Ph. C4H 3 -2.4,6-Me». C.F$) (Scheme 5)* 1 synthesized via 
reaction of Cp,ZrMe ? with ArB(OH), generated via hydrolysis 
of (OBAr),. These macrocytic species exhibit shorter average 
Zr-0 (1.985(2) A) bonds and longer average B-O (1.350(6) 
A) bonds. At the same time, the Zr-O-B angles range from 
141.8(2)° to 156.7(2)° for the derivatives with Ar = Ph, C 6 H,- 
2,4, 6- Me,. The upper limit of this range is similar to the Zr- 
O-B angles seen in 7, but presumably the macrocytic nature 
of these complexes accounts for the lower end of this range. 
More recently, THIey* group has also reported the structure of 
the related boryloxide derivative CpjZrMeiOBCOSifOr-Bu),)*) 
(Scheme S). M The Zr-0 distance of 1 .974(4) A is slightly shorter 
than those in 7 while Ihe bridging B-O bond distance and Zr-O- 
B angle are stighiry laTger at 1.329(3) A and 160(2)°. respectively, 
These metric perturbations are consistent with the steric de- 
mands of the boryloxide substituents in CpjZrMetOBfOSitOf- 
Bu>,) ; >. 



Ph 



^(OfBuh 



/ \ B 



I 

Ph 



Scheme 5 Known Zr-borytoxidc species. 
&%*fl*4A| Paftoft Trans., 200S. l\ 62-2 1 87 1 
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Exhibit 2 

Grab et al., 626 Zeitschrift fuer Anorganische und allgemeine Chemie 1065-72 (2000) 

Alkalimctall-Phosphaniminate. Ncue Synthesen und die Kristallstrtikturen 
von [RbNPPh 3 | 6 und |CsNPPh 3 | 4 



Thorsten Groh, Rlaus Harms und Kurt Dchnickc* 

Marburg, Fachbereich Chemie der Philipps-Universiiat 

Bei der Re da kt ion eingegangen am 1 1 . Januar 2(100. 

Professor Oerd Becker turn 60. Geburtstag gewidmet 

lnhaltsuhcrsicht. Die Alkalimetall-Phosphaniminate MNPPhj 
mil M = Na. K. Kb, Cs we r den durch Reaklion von Ph$PI 2 
mit den A Ika lime tall amid en in flussigem Ammoniak her- 
gestellt und durch Extraklion mil 'lo!ut>! in reiner Form erhal- 
len. Das Ethylderival KNPEt 3 wird analog hierzu aus Et 3 Pbr 2 
hergestelll und mil Hex an in reiner Form exlrahiert. 

Einkristalle der Phosphaniminale von Rubidium und Cae- 
sium werden aus Toluol bzw. Toluol/ Hexan erhalten und 
durch Krislallslrukluninalysen charaklerisiert. 

[RbNPPh 3 ) f , 4 X ! 2 Ibluol (1): Raumgruppe PI. Z = 2, Gil- 
lerkonslanlen bei 193 K: a = 1525.5(2): b = ! 902.9(2): 
c= 2178.3(2) pm: « = 95.435(12)°: /* = 91.145(12)"; >• = 
90,448(12)°: R, = 0,0529. Die Vexbindung hat die Struktur 



eines DoppelwUrfels. dessen N- A tome der gemeinsamen 
Rb2N 2 -Flache trigonal- hi pyramidal von vier Kb- A lorn en 
und dem P-Alom der (NPPh;f)-Gruppe umgeben sind. _ 
|CsNPPh3|. 1 -2Toluo!-3V 4 Hexan (2a): Raumgruppe Fd3. 
Z=8, Gilterkonstanlen bei 123 K: a = b » c = 2679.7(1) pm; 
Ki = 0/1405. 

lCsNPPh 3 ] 4 - 2 Ibluol (2b): Raumgruppe P2t/n. Z = 4, 
Gitlerkonstanten bei 193 K: a = 1418,9(1); b = 2258,9(1); 
c = 2497,6(1) pm; ft = 91,055(6)°; R, = 0,0278. Beide Caesi- 
um verbindungen bilden Cs^N^Heterokuhangeruste, die sich 
durch ihre Packung und durch die Bindungswinkel an den 
Cs- und N-Atomen unterscheiden. 



Alkali Metal Phosplioranciininates. New Syntheses and Crystal Structures 
ol [RbNPPh 3 ] 6 and [CsNPPh 3 ] 4 



Abstract. Ihe alkali-metal phosphoranei mi nates MNPPhj 
with M = Na. K. Rb. Cs have been synthesized by reactions 
ol' I^PU with the alkali-metal amides in liquid ammonia 
and were obtained as pure samples by subsequent ex miction 
with toluene. Ilie ethyl derivative KNPElj has been prepa- 
red by an analogous route from EI3PB12 and extraction with 
hexane. 

Single cr>'stals of the phosphoranei inmates of rubidium 
and cesium are obtainable by crystallization from toluene 
and toluene/ hexane, respectively. They were suitable for cry- 
stal structure determinations. 

IRbNPPh,),, -4V 2 toluene (I): space group PT. Z = 2. lat- 
tice dimensions al 193 K: a = 1525.5(2): h = 1902.9(2): 
c = 2178.3(2) pm; a = 95.435(12)°: ji = 91 .145(12)°: y = 
90.448(12)°; R, =0.0529. Hie compound forms a Rrv,iN* skel- 



eton of a double cube with a common face of two rubidium 
and two nitrogen atoms, the latter being fivefold coordinated 
by four rubidium atoms and the phosphorus atom. 

|CsNPPh 3 j 4 ■ 2 toluene • 3 3 / 4 hexane (2 a): space group Fd3. 
Z= 8. lattice dimensions at 123 K: a = b = c =2679.7(1) pm; 
Ri =0.0405. 

|CsNPPh 3 U- 2 toluene (2b): space group P2,/n. Z =4. lat- 
tice dimensions at 193 K: a = 1418.9( I ): b = 2Z58.9(1 ); 
c = 2497.6(1 )pm; //= 91 .055(6)°; R, = 0.0278. Both cesium 
compounds form Cs 4 N 4 heterocubane structures which are 
different by means of the packing and by different bond an- 
gles at the cesium and nitrogen atoms. 

Keywords: Alkali metal: Phosphorane iminates; Crystal struc- 
tures 



I Einlctlung 

Zur Synthcsc dcrzahlrcich bekannten Phosphanimina- 
to-Derivate [M)-NPR 3 von Hauptgruppenelementen 
[1] und Ubergangsmctallcn [2] dicnen vor allem Urn- 
setzungen von Halogcnidcn, Oxiden und Oxidhaloge- 
niden mit silyliertcn Phosphanimincn Me^SiNPRv 



• Prof. Dr. K. Dchnickc 

Fhchbereich Chemie der l"hiiipp<4JnivcrsiiiU 

Marburg 
FAX:Otvt21/-282K9l7 



Erst in jungstcr Zcit wurden auch lithiierte Phospha- 
niminate LiNPRj als Metathcse-Rcagenticn crfolg- 
reich bei Rcaktionen mit Obergangsmetallhalogcni- 
den eingesetzt [3, 4J. Bei Vcrsuchen zur Hcrstcllung 
von Phosphaniminato-Komplexen der Seltenerdele- 
mente envies sich das priiparativ lcicht in reiner Form 
zugangiiche LiNPPh 3 [6] jedoch als nur bedingt gecig- 
net. So fllhrte bcispielsweisc die Rcaktion mit den 
Cyclooctatctraenid-Komplexen |Ln(C s Hs)Cl(THF) 2 ] 2 
(Ln = Ce. Sm) nur unter Addition zu den Komplcx- 
Aggrcgaten [Ln(C s H s )Li 3 Cb(NPPh3)2(TH Ffc] mit 
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Hcterocubanstruktur [6], Suhstitutions-Rcaktionen 
mit UNPPI13 licBcn sich nur unter Anwcndung drasti- 
schcr Bcdingungen mit den Cyclopentadicnid-Kom- 
plcxcn [LnCp^Brfc (Ln = Y, Dy.Er. Yb) crreichen [7). 
Wir waren dahcr an der Synthcse moglichst reiner 
Phosphaniminatc der schwcrcrcn Alkalimctalle inter- 
essiert, zumal die auf der Basis von Phosphanimincn 
HNPR;\ beruhenden Vcrfahren wcgen der Schwierig- 
keiten, dieses in rciner Form zu erhaltcn, schr problc- 
matisch sind [8]. 

2 Ergebnisse 

Die Synthesc von NaNPPIu verlauft am besten durch 
Umsetzung des strukturcll wohlcharakterisicrtcn 
Ph^Ph [9, 10] mit Natriumamid in einer Suspension 
von Toluol, dem man als Losungsvcrmittler etwa cin 
Molprozent Tetrahydrofuran beigesctzt hat, nach 
Gleichung (1 ) innerhalb von drci Tagen bei 2G°G 

H13HI2 + 3 NaNH 2 -> NaNPPhj + 2NHj + 2 Nal (1) 

Nach Filtration von Natriumiodid kann Natriumtri- 
phcnylphosphaniminat durch Einengen des Flltrats 
und Fallen mit Hex an als blaB-bcigcs, sehr feuchtig- 
kcitscmpfindliches Kristallpulver mit uhcr 80% Aus- 
bcutc erhaltcn werden. 

Rcaktion (T) verlauft offensichtlich in drei Schrittcn 
(1 a-1 c). 

Ph 3 PI 2 NaNH 2 -> |Ph,PN'H 2 rr+ Nal (1 a) 

|Ph 3 PNH 2 ri" » NaNH 3 -* I'hiPNH + Nal + NHj (1 b) 

Ph 3 PNH 1 NaNH 2 -> Ph 3 PNNa » NH 3 (1 c) 

Die Teil rcaktion (la) ist im we sent lichen bereits nach 
einer Stunde beendel. was man am Farbwechsel von 
gclb nach beige erkennt. Die Bildung des 
[PhjPNHJMons l&Bt sich anhand des 3, P-NMR-Si- 
gnals bei 37,9 ppm in THF nachweiscn. Vergleichswer- 
tc sind fur [Ph 3 PNH 2 |CI in CVUCU #5 = 35,5 fl 1], in 
DMSO-d* <> = 36,2 112] und fur [Ph*PNH : ]Br in 
CHCIi/CH,OHf5 = 35.7 [13]. Untcrbricht man die Rc- 
aktion (1) ein zweites Mai nach etwa 1-2 Tagen. so 
Iassen sich nach Filtration gelbe Einkristallc des Mole- 
kul-Komplexes [NaKMNPPhVb] isoliercn. in denen 
nach der Kristallstrukturanalyse das Natriumalom te- 
traedrisch von dem lodatom und den N-Atomcn der 
drei Phosphanimin-Molekiilc koordiniert ist [8], Dies 
bewcist die Bildung des nach (I b) entstandenen Inter- 
medials HNPPhj. 

Zur Synthesc der entsprcchenden Phosphaniminatc 
MNPPh 3 mit M =Kalium, Rubidium und Caesium ist 
cs zweckmaBig, die Umsetzung gcma'B Gleichung (I) 
in flOssigcm Ammoniak bei -78 °C auszufuhrcn. Hier- 
bei erzcugt man das benotigtc Alkalimetall-Amid 
durch Zugabe des entsprcchenden Mctall-Hydrids zu 
flussigem Ammoniak und fiigt nach bccndctcr Was- 
scrstoffentwicklung Ph^PI 2 hinzu. Die Reaktionen 
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Tahelle 1 3I P-NMK-Daten und Lage der PN-Vaienzschwin- 
gungen in den Alkalimetall-Phosphaniminaten 

3, P-NMR-Rc5onanzcn/ppm v PN/cm" 1 





THF 


Toluol 


DME 


N'ujol 


|UNPPba]« |14j 


-4.G 






|14) 1193 


|NaNPPhjJ« |a| 


-n.2 




-10.2 


ja| 1186 


|KNPPIu|6 |n| 


-15,7 


-13 J 


-14.S<hr) 


|!5| 1 179/1 1M 


[RhKPPhtU hi 


-24.0 
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|a|UWU65 


lONPPhak [aj 


-24.1 


-21.5 


-223 


|a| 1183 


|NaNT(o-McOPhhl n |u| 


-22.0 


-153 




juj 1182/1165 


!KNPrp-1bhib| c ja| 




-19.7 




|aj1l8U'l163 


|KNPElj|. |a| 




-19.0 




[a | 1164 



|a| dicse Arhcii 



sind dann bereits nach drei Stunden bcendet. Die rei- 
ncn Alkaiimetall-Phosphaniminate crhalt man an- 
schlieBcnd durch Extraktion mit Toluol, wobci sich 
nach dem Einengen der Lftsungen gelbe Einkristallc 
erhaltcn Iassen, die Einschliissc definierter Mengen 
Toluol aufweisen (s.u.). Beim langercn Evakuieren 
werden die eingeschlossenen Losungsmittcl-Molckule 
vollstandig abgegeben. Der hier beschricbene Synthe- 
seweg fur Alkaiimetall-Phosphaniminate ist nach un- 
sercn Erfahrungcn weitgehend allgemcin anwendbar. 
So haben wir auch die Dcrivate KNP(p-Tolyl) 3 und 
NaNP(o-MeOPh)j in reiner Form herstcllen konncn. 
SchlicBlich kann man auch anstelle der Trio rganodi io- 
dide R3PI2 die leicht zuganglichen Dibromide R 3 PBr 2 
einsctzen, was wir anhand der glatt verlaufendcn Syn- 
thesc von KNPEr* geprtift haben. Dicse Vcrbindung 
lost sich sehr leicht in viclcn organischen Losungsmit- 
teln, daruntcr sogar in Hexan. Mit Feuchtigkeit. pro- 
tonenakriven Losungsmitteln und mit Halogenkohlen- 
wasscrstoffen. sogar Fluoridcn, reagiert KNPEtj 
auBcrordendich sttirmisch. 

In den TR-Spcktren wciscn die Alkaiimetall-Phos- 
phaniminate mit Arylresten am Phosphor atom cine 
starke, nur wenig von dem Alkalimetall-Atom beein- 
fluBte PN-Valenzschwingung bei etwa 1180 cm" 1 aut^ 
die mirunter in cin Dublett aufgespalten ist (Tabel- 
le !). Ein KopplungseinfluB durch die Masse der Al- 
kalimctall-Atome ist somit vcrnachlassigbar klcin. In 
dem Ethyl-Dcrivat [KNPEt 3 ]„ tritt vPN mit 1164 cm- 1 
nur wenig langerwellig auf. !n den 3I P-NMR- 
Spektren der Alkaiimetall-Phosphaniminate (Tabel- 
le 1) tritt unabhiingig von den untcrschicdlichen Fest- 
korpcrstrukturen (s.u.) jeweils nur cin Rcsonanzsignal 
auf, das vom Lithium- bis zum Caesium- Deri vat bei 
den Phenylverbindungen schrittweise zu ho he rem 
Ixld vcrschoben wird. lm Vergleich mit den 
3I P-NMR-Spcktren aller anderen Phosphaniminato- 
Komplexe von Haupt- und Nebengruppen-Elementen 
[1,2] stcllcn die Alkalimctall-Derivatc die Verbindun- 
gen mit den am starksten abgeschirmten Phosphorato- 
mcn dar. Hierin spiegelt sich der stark ionische Bin- 
dungscharakter wider. Auffa'Ilig ist der nur gcringe 
EinfluB des Losungsmittcls auf die Lage des Reso- 
nanzsignals (Tabelle 1 ). Dies ist ein Minwcis auf cincn 
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Alkalimetall-I'hosphaniminate 



Tabetic 2 Kristalldalen und Angaben m den Krisiallslrukturbesiimmungen 



|RbNi'i%| 6 4 , />c 7 H <i (n 



|CsNPPh t |4 2 C 7 H« ■ 3 3 / 4 C6H M (2 a) |CsNPPb 3 k • 2 C 7 H* (2 b) 



Oincrkona anten 
Zcllvolumen/A ? 

Zahl dcr Formelcinhcitcn pro Zclle 

Dichtc <hcr.)/g • cm' 3 

Kris tall system. Raumgruppc 

MeBgeriii 

St rah lung 

McBtemperatur 

Zahl dcr Rcflcxc zur Gittcr- 

k ore la ni c n be rcc hn u ng 

Mcflbercich 

Zahl dcr gem cs.se ncn Rcflcxc 
Zahl dcr unabhangigen Rcflcxc 
Zahl dcr hcobachtctcn Rcflcxc mil 
F 0 >4<7(F 0 ) 
Korrckturen 

Bcmcrkungcn 

Strukturaufkliirung 

Vcrf cine rung 

Anzahl dcr Parameter 

Vc rwc ndci c Rc chen programm c 

Atom form fak to rcn. Af. AC 

R=i1IFJ-jFJ/ilFj 

wR ; (alle Dai en) 



u = 1525.5(2) a * 95,435(1 2)* u = b =c = 2679.7(1) 



h = 1052.9(2) 
c=2178JG)pm 
V« 6293.4(11) 
Z = 2 
U64 
triklin. PI 



193(2) K 
8000 

e~ i. 88-22 stf 

31 Aft 

!5(>4<>|Ri Bt = 0.(J8S3| 
8000 



91.145(12)* 
90.44802)* 



V = 19243.0(1 7) 

Z = 8 

1.480 

kubisch. Fd3 

STOE 1PDS 
MoKa (Graphit-Monochromator) 
123(2) K 

mm 

0s2.15-24.04' 
24367 

1282 [R ioI - 0.0679| 

<m 



a = 1418.9(1) 

hs 2258.90) /? = 9 1.055(6)* 

c = 2497.6(1) pm 

V = 8003.7(7) 

Z = 4 

1.511 

monoklin. P2|.'n 



193(2) K 
8000 

0 = 1. 87-25 .99* 
719S6 

15351 |R io) = 0.0525| 
10401 



^(MoKo)r 24.43 cm 



1356 



0.0529 
0.1228 



Lorentz- und Polarisatiunsfaktor. cmpirixchc Ahsorptionskorrcktur. 

piMoKa) = 16,20cnf 1 /ifMoKa) * 19.33 cm" 

H-Atomlagcn in bcrcchneicn Positinncn 
Direktc Mcthodcn 
Voll matrix gct^en F~ 
88 1125 
SHELXS47 |27j. SHELXI.-97 |27|. SHEUXTL [28], STOE IPDS- Software 
Internationale Ta be lien. Vol. C 
0.0405 0.0278 
0.1281 0.0630 



Erhalt dcr im festen Zustand vorlicgcndcn oligomcren 
Strukturen in Losung. Beim Wechscl dcr Donor-Lo- 
sungsmittcl THF und DME zu Toluol ist in alien Fal- 
len cine urn wenige ppm zu tieferen Feld verschobene 
Rcsonanz fcstzustcllcn. Dies konntc ein Winwcis auf 
die etwas schwachcre Solvatationsstarke des Toluols 
sein. 

3 Kristallstrukturanalysen 

Tabclle 2 enthalt die kristallographischen Datcn und 
Angaben zu den Strukturldsungcn. in den Tabcllcn3 
bis 5 sinddie Bindungsliingen und -winkel enthalten. n 
Kristallstruktur-Analysen von Alkalimetall-Phos- 
phaniminatcn liegen vor von |LiNPPhj] 6 • 5 THF [6] 
und von [NaNPPhi)* ■ Toluol [16], die beidc hexa- 
gonal-prismatische M^N^-Gcruste aufweiscn. Dagcgen 
hat die Kali urn- Verb in dung |KNPPh,] 6 • 4 C 7 H S [15] 
die Struktur cines aus den Gc rust at omen Kalium und 
Sticks toff gcbildeten Doppclwurfcls mit cincr gemein- 
samcn K2N2-Flachc. Sie laBt sich topologisch aus der 
hexagonal-prismatischcn Anordnung von Lithium- 
und Natrium-Derivat durch ein paarweises Zusam- 
menrucken je zweicr MN-Gcrtlstatome verstchen. 
Dicser Strukturtyp wird auch von dcr Rubidiumvcr- 



' Die kristallographischen Dnten (ohne Struklurfakloren) 
wurden als ..supplementary publication no. CCDC-139049 
(I). 139050 (2a) und 139051 (2b)" beim Cambridge Cryslal- 
lographic Data Centre hinterlcgt. Kopien der Daten konnen 
kostenlos bei CCDC 12 Union Road. Cambridge CB2 IEZ 
(Fax: (144)1223-336-033: E-mail: deposit@ccdc.cani.ac.uk). 
Grofihritannien. angelordert vverden. 



bindung rcalisiert (s,u.). Uberraschcnderwcisc tritt 
nun beim Caesium-Dcrivat ein erneuter Struktur- 
wechsel zur tctrameren Einheit [CsNPPh^ mit 
Hcterokuban- Anordnung dcr Gerustatomc Caesium 
und Stickstoff ein. Dcr Hcterokuban-Strukturtyp 
wird auch bei dem Gcmischtligand-Komplex 
[(LiN'PPhj • LiBr)2 • 4THF] [17] angetroffen. in dem 
die Wurfelecken durch vier Lithium-, z.\vei Stickstoff- 
und zwei Bromatome besetzt sind. 



I ist Lsotyp mit der cntsprcchcnden Kaliumverbindung 
[KN'PPhjJft • 4C?H^ [15], die eincn etwas geringercn 
Antcil eingclagcrtcr Toluol -Molekiile enthalt. Von 
diescn haben in beiden Verbindungen nur jeweils zwei 
Toluol-Molekule bindende Kontaktc mit jc cincm der 
Metallatome der hexamcren Einheiten [MNPPh^ 
(M = K, Rb). Alle Toluol- Molekiile sind fchlgeordnet 
ihrc Ortskoordinaten lieBen sich untcr Anwendung 
von Split mcthodcn zufriedenstellcnd verfeinern. 

Die Struktur von [RbNPPh 3 ] 6 • 4 ! / 2 C7H s enthalt 
zwei symmetrieunabhangige hcxamerc MolekUlc, die 
sich nur wenig voneinandcr unterscheiden. Ihre Ge- 
rtistatome bilden cinen zentrosymmetrischen Doppel- 
wiirfei mit einer gemcinsamcn Rr^N^-Flache, die 
ebenso wic alle andercn Rr>N r Vicrccksflachen pla- 
nar sind (Abbildung 1 und 2). Die Stickstoffatome 
N(l, 1 A) dcr gemcinsamcn Fliiche haben Koordina- 
tionszahl ftinf (ein P- und vier Rb-Atomc) mit trigo- 
nal-bipyramidalcr Anordnung, wobei die Achse 
Rb(l)-N(l)-.Rb(2 A) und die symmctricaquivalente 
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Abb. 1 Molektilstruktur von |RbNPPh 3 fc mil tier Darslel- 
lung der Fehlordnung der beiden an Rb(l) und Rb(l A) as- 
soziie rten Toluo l-Mo tekill c 




Abb. 2 Ansicht des Polyeders des von den Geruslatomen 
Rb, N und P in der Slruktur von 1 aufgespannten Doppel- 
wurfels. 



Achsc mit einem Bindungswinkel von 161,3° mcrklich 
von der Lincaritat abweicht. Die von N(l) bzw. N(l A) 
ausgehenden Rb~N-Abstande sind mit etwa 307 pm 
wcgen der groBcrcn Koordinationszahl deutlich groGer 
als allc andercn Rb-N-Bindungcn. die Abstande zwi- 
schen 279,5 und 288.4 pm aufvveisen (Tabelle 3). Inter- 
cssant ist, dafi die axial angeordneten Rubidium-Atomc 
an N(l ) keine langeren Rb-N-Abstande realisicren als 
die aquatorialen Rb-Atome, was als cin Hinweis auf 
die stark polaren Bindungsbeziehungen zwischen den 
Rubidium-Ionen und den N-Atomen der Phosphani- 
minto-Gruppen (NPPhr) gel ten kann. Dies pa6t auch 
zu den kurzen Abstanden N(l)-P(l) bzw. N(l A)~ 



Tal>clle3 Ausgewahlte Bindungsliingen/pm und -winkel/° 
in | RbN PPh 3 | 6 • 4 Toluol (I) 

RbfO-Nd) 307.1(6) Rh<2) — GT14A) 3213(9) 

Rb(l)-N(2) 2793(7) Rb(2)"«C(!5A) 3583(9) 

Rh(l)-NOA) 2K>XK6> Rb(2V-C(1SA) 3453(8) 

Rhrt)-C(I) '367.6(8) Rbf2).-C(31) 358,4(8) 

Rb(l) • -C(2) 3532(H) Rb<2) — C(32) 346.0(8) 

Rbtl)"C(50l) 354(3 ) Rb(2)- Q44A) 350,2(9) 

Rb(l ) ■ • C(502) 367(1 ) Rb<3)-N(l) 310.0(7) 

RbH ) ■ • ■ Q503) 370(1 ) Rbf3 )-N(I A) 303.6(6) 

Rbfl) — C(504) 364(1) Rb(3)-N(2) 288.4(6) 

Rh(1)- .-Q505) 345(1) Rb(3)-N(3) 313^6) 

RbfJ ) • ■ • Q506) .Ml (I ) Rb(3) • • • C(49) 3363(8) 

Rh(2)-N(1A> 31133(6) Rb(3) - C(50) 349.1(9) 

Rh(2)-N(2) 288.1(6) Rb(3 ) • • . C(54) 3543(9) 

Rb(2)-N(3A) 2£2.9(7) NO )-PO) 152.9(7) 

RW2)-* C(l 3 A) 314.88) N(2)~P(2) 153.1(6) 

N(3)-P(3) 154.0(7) 

N( 1 )-Rb(J)-N<2) 93,8(2) Rb(l >-N(l)-Rb(2 A ) 161 3(2) 

N( I )- Rh( 1 )-N(3 A ) 93.4(2) Rb(i )-N(l )-Rb< 3 A ) S6.8T2) 

iV(2)-Rb(1)-N(3 A) 96.2(2) Rbfl )-N(D-Rb(3) 82.6(2) 

N(l A)~Rh(2)-N(2) 93^2) Rb(2 A)-N(l)-Rb<3) 80.3(2) 

tV(l A)*Rbg)-N(3A) 102-2(2) Rb(2 A)-N(l)-Rb(3 A) 823(2) 

N(2)-Rh(2)-N(3 A) 94.1(2) Rb(3)-N{l )-Rh(3 A ) 78.1(2) 

N(1 )-Rb(3)-N<2) 91 .4(2) Rb(l )-N(2)-Rb(2) 84.6(2) 

N(l A)-Rb(3)-N(3) 93.7(2) Rb(l)-N(2V-Rb(3) 91.6(2) 

N(l)-Rb(3)-N(1AJ 101.9(2) Rb(2>-N(2)-Rh(3) 87.9(2) 

NO>-Rb(3)-N(3) 94,2(2) Rb(l A)-N(3)~Rb(2 A) 85.2(2) 

N T 0 A)-Rb(3)-N(3) 88.1(2) Rb(l A)-N(3)-Rh(3) 893(2) 

N(2)-Rb(3)-N(3) 173.7(2) Rb(2 A)-N(3)-Rb(3) 83,0(2) 

Rh(l)-N(l)-.P(1) 99.4(3) Rb(3>~N(2)-P(2) 131.6(4) 

Rbf3)-N(l)-P(l) 148,4(4) Rb(l A)-N(3)-P(3) 157.0(4) 

Rh(3 A)-N(l )-PO) 1333(4) Rb(2 A)-N(3W(3) 114.6(4) 

Rh( 1 )-N(2)-P(2) 1333(3) Rb(3)-N(3)-P(3) 104.0(3) 

Rh(2)~N(2)~P(2) 109.4(3) 



P(l A) von 152.9 pm. die trotz Koordinationszahl funf 
an N(l ) nicht ianger sind als an N(2) und N(3) (Tab. 3). 
Sie sind zudem vergleichsweise sehr kurz, wenn man 
den allgemein fur P=N-Doppclbindungen angeschenen 
Bereieh von 155-164 pm [18] bcrucksichtigt. Fiinffach 
koordiniertc N-Atome mit nitridischem Charakter wur- 
den gelegcntlich schon beobachtet; Bcispiele 
sind [MciSi(LiNBu l )J 2 [19] mit dodekaedrischem 
LuKi-Gerust und [Nai2(NMe:)i2(TMEDA) 4 ] [20], des- 
sen hexamerc Baueinheit [NaNMeJ^ topologisch ver- 
wandt 1st mit [RbNPPh;^. 

Alle Rubidium-Atome in [RbNPPh 3 ] 6 • 4 , / 2 C 7 Hh 
haben bindende Wcchselwirkungen mit Phenylgrup- 
pen der (N T PPh 3 ")-Einheiten, die beiden Atome 
Rb(lj 1 A) zusatzlich mit je cinem der eingclagertcn 
Toluol-Molekuie (Abb. 1). Wie die in Tabelle 3 zusanv 
mengestellten Rb- • • C-Kontakt abstande zeigen, gibt 
es keine auf die Q-Ringmittcn von Phenylringen oder 
die Toluol-Molekiile zentricrten Bindungsbcziehun- 
gcn. Nach alien Erfahrungen 121] konnen die hicr be- 
obachteten Rb- ■ C- Abstande ais schwach bindend 
angesehen werden. 



iU fCsNrPhs/j • 2 Toluol ■ 3% Hexan (2 a) 

In der Struktur von 2 a bilden die Caesium- und 
die Stickstoffatome der tetramcren Molekulcinheit 
[CsNPPh^ cin regclmaBigcs Heterokuban-Gertist, 
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Abb. 3 Motektilstruktur von |CsNPPh 3 | 4 • 2 Toluol in 2a 
mit der Darstellung der Pehlordnung der an die Caesium- 
Atome assoziierten Toluol-Mole kuie. 




Abb. 4 Ausschnilt a us der durch die Briickenlunktion der 
Ibluol-Molekiile vermiltelten dreidimensionalen suprnmoie- 
kularen StrukCur von 2 a (ohne Phenylringe und ohne Dar- 
stellung der Pehlordnung der Ibluol-MolekUle). 



desscn Bindungswinkel N-Cs-N von 93,3° und 
Cs-N-Cs von 86,7° nur wenig von der idealen Wtirfel- 
struktur abweichen (Abbildung 3). Die Toluol-Mole- 
kiile wirken als // 6 -gebundene Brucken zwischen den 
Cacsium-Atomen benachbarter Hetcrokubane, wor- 
aus cine drcidimensionale supramolckulare Struktur 
resultiert, deren Verkniipfungsprinzip in Abbildung 4 
wiedergegeben ist. Die Bindungsbeziehung Cs- -To- 
luol ist mit Cs • * C-Abstfinde n von 355.8 bis 357,7 pm 
nahczu symmctrisch. wobei cinschrankend auf die 



Tabellc4 Ausgewahlte Bindungslaneen/pm und -winkel/ 0 
in [CsNPPh 3 | 4 -'Toluol • 3 3 / 4 Hexan (2a) 







N(1)~P(1) 


153,6(9) 








1S4.2(9) 


CsnV-Cf7.7F.7G) 


357.7(7) 


Cs(l)-C(7C7D.7E) 


355.8(7) 


N(1)-C<])-N(1A) 


933(2) 


afi)-Nd)-p(j) 


mxAD 


CsU)-N(l)-Cs(] A) 


$6.7(2) 


N(i)-P(IK(!) 


11 6.(i(4) 



Pehlordnung der Toluol- Mole kiile hingewiescn sci. 
Die auf diese Weise sehr locker gepackte Struktur 
wird durch die cingclagcrten, cbcnfalls fehlgcordnctcn 
Hexan-Molekiile aufgefullt, so daB sich die 
[CsNPPh 3 ]4-Molekule gleichsam in einer Losungsmit- 
tel -Matrix befinden, die ihnen sclbst bei -150 °C noch 
cine relativ groBe thermischc Bcwcglichkcit gestattet. 
Man erkennt dies an den relativ hohen Temperatur- 
faktoren der Atomlagen. 

Hcterokuban-Strukturcn des Caesiums wic in 2a 
und 2b (s.u.) wurden erst ktirzlich anhand der mit 
lCsNPPh 3 j 4 valenzisoclcktronischen Vcrbindungen 
Cacsium-t-butanolat [CsO'Bu^ [22] und Cacsium(tri- 
methylsilyljamid [Cs(HNSiMe 3 )] 4 [23] beschrieben. 
Im Vergleich mit Ictztcrer Verbindung, deren 
Cs-N-Abstande 291,5 pm betragen [23], sind die 
Cs-N-Abstande in 2 a mit 299.3 pm dcutlich langcr, 
was vor allem mil den stark ionischen Bindungen 
Cs -N zusammenhangt, die sich auch im 3I P-NMR- 
Spcktrum widerspiegelt (s.o.). Hierzu passcn auch die 
sehr kurzen PN-Abstande in 2 a, die mit 153,6 pm 
ahnlich kurz sind wic in 1 und am unteren Ende des 
als Doppclbindungsbercich von 154-165 pm angesche- 
ncn Abstandes angetroffen wcrden. 

Die im Vergleich mit [Cs(HNSiMe 3 )] 4 [23] iangcren 
Cs-N-Abstande in 2 a sind allerdings auch durch die 
zusatzliche Koordi nation mit den verbriickenden 
Toluol-Molckulen bedingt. Etwas langcr sind die 
Cs-N-Abstande in [GN(SiMc 3 ) 2 j 2 - Toluol [24] mit 
307,2 pm, in dem die Toluol-Molekulc wie in 2n Bruk- 
kenfunktion zwischen den Caesium-Ionen ha ben. so 
daB eine cindimensionale supramolekulare Struktur 
resultiert. Bedingt durch den groBen Raumanspruch 
der Bis(trimethylsilyI)amido-Gruppen sind die 
Cs-N-Abstande trotz. kleinerer Koordinationszahl an 
den Caesium-lonen etwas langcr als in 2 a. Dagcgen 
sind die Cs- -C-Kontakte ahnlich lang wic in 2a; sic 
entsprcchen damit auch Erfah rungs wcrtcn in andcrcn 
Caesium -A romaten-Komplexen [21], wic beispiels- 
weise in dem Caesium- Bcnzylgallat [Cs(To- 
luoi)o^(C 6 H 5 CH 2 )3GaN3] [25] mit Cs -C-Kontakten 
von 354,9 pm. 

3 J fCsNPPh,l 4 * 2 Toluol (2 b) 

Auch 2 b rcalisiert als Strukturmotiv das Cs 4 N 4 -Hcte- 
rokuban-Gerust, allerdings mit deutlichen Abwei- 
chungen von der idealen Wurfelstruktur (Abbil- 
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dung 5). Dies bczicht sich sowohl auf die untcrschicd- 
lich langen Cs-N -Kontaktc. die im Gegcnsatz zu dem 
hochsymmet rise hen 2 a nun zwischen 292.3 und 
337.7 pm vnriicrcn, als auch auf die Bindungswinkcl 
NCsN (83.1-96.9°) und CsNCs (8L8-96.4 6 ). Die wc- 
sent lichen Ursachcn hicrfiir sind die auBerordentlich 
komplcxen intra- und intcrmolckularen Wechsclwir- 
kungen dcr ftir allc vicr Cacsium-loncn untcrschied- 
lichcn Intcraktionen mit den Phenyl rest en der 
(NPPhn-Gruppcn und mit den eingelagerten Toluol- 
Molckiilen. Von diesen hat nun nur noch cincs Briik- 
kenfunktion zu benachbarten Hetcrokubancn, wah- 
rend das andere (an Cs (4)) terminal koordiniert ist. 




Abtk 5 Molekulstruklur von [CsNPPhj| 4 ■ 2 Toluol (2 l>) mit 
dcr Darstcllung der intra- und intcrmolckularen Intcraktion 
von Phenylringen und Ibluol-MolekUIcn mit den Caesium- 
Atomen. 



T. Grob. K. Harms, K. Dehnicke 



Die Folge davon ist die Ausbildung cincr eindimensio- 
nalen, supramolekularen Aggregation, in dcr die He- 
tcrokuban-Molekulc cine Zickzack-Kettc bilden (Ab- 
bildung 6). 

Im einzelnen bilden die Caesium-Ionen in 2 b die 
folgenden Koordinationsmotive: Cs(l) wird von zwei 
Phcnylringen intramolekular mit Abstanden 
Cs( I) " 0(37, 38) von 355,6 bis 384,0 pm und von ei- 
nem Phcnylring cincr benachbarten (NPPh.r)-Gruppc 
mit Abstanden Cs(l)*C(40 A, 41 A) von 361 ^ bis 
371.9 pm koordiniert. 

Cs(2) bildet zwei intramolekulare Phcnyl-Kontakte 
aus, namlich Cs(2)- -C(2) mit 3887 pm und 
Cs(2) -C(56) mit 391,4 pm. Zusatzlich 1st es von ei- 
nem Toluol- Molekul mit Bruckenfunktion (zwischen 
C(2) und C(3)) mit Abstanden Cs(2)« C(10! bis 104) 
von 362.6 bis 388,9 pm koordiniert. 

Ahnlich sind die von Cs(3) ausgehenden Kontaktc 
zu dem Toluol -Molekul mit Bruckenfunktion (zwi- 
schen C(3) und C(2» mit Abstanden Cs(3) •♦C(105B 
und 106 B) von 388.4 pm. Dariiberhinaus ist Cs(3) 
noch von zwei C-Atomen ciner intramolckularen Phc- 
nylgruppc mit Abstanden Cs(3) ■••C(6.1, 62) von 353 ,3 
und 383.0 pm koordiniert. 

Cs(4) schlieBlich wird von vier C-Atomen eincs ter- 
minal angeordneten Toluol-Jvlolekiils mit Abstanden 
Cs(4) — C(203 bis 206) von 369,1 bis 383,3 pm koor- 
diniert, zusatzlich aber auch noch intramolekular von 
den C-Atomen eines Phenyl ringes mit Abstanden 
Cs(4) • • ■ C(19 bis 24) von 348,9 bis 3837 pm. 

A lie bcobachteten Caesium- A rom at en- Kontaktc 
bewegen sich damit im Erwartungsbercich [21). Als 
Beispiele seien genannt [Cs[C(SiMe3)3}(C*H 6 )^ [26] 
mit Abstanden von 343,3-379,0 pm und 
ia(C7Ks)o.5(C 6 H5CH 2 XiGaN.i] [25] mit Abstanden 
von 3577 bis 3797 pm. 
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Tahelle? Ausgewahlte Bindungslangen/pm und -\vinkel/ a 
in |CsNIM*h3|4 -2 Toluol (2I>) 



G(l)-N(3) 
CsO)- -07) 



C(8) 

Q12) 

C(32) 

ai7> 

C(38) 
C(40A) 
C(41 A) 



C<1) 
Cs(l) 
Cs(l) 
Cs(1) 
GO) 
Cs(l) 
GO) 

O<2)-N0) 
Cs(2)-N(3) 
C<2>-N(4) 
C<2). C(2) 
G*2)»- -0(101) 
Cfc(2)- -0(1021 
Cs(2>- 0(103) 
Cs(2) -0(104) 
C*2) -0(56) 

N V (])-K1) 
N r (2)«P<2) 

N(l)-Cs0)-N(2) 

N(2)-Grfl)-K(3) 
Nf1)-Csf2)-N(3) 
N('!)-Csf2)-Nf4) 
N(3)-CW2)-N(4) 
N(2)-C<3>-N(3) 
N f <2)-C«3)-N(4) 
N(3)-C«3)-N(4) 
:Vn)-Cs(4)-N(2) 
Ni.1)-C<4)-N(4) 
K(2)-Ctf4)-N(4) 

CsCD-N f (l)-P(1) 
CX2)-Nn)-P(1) 
C<4) N'fO-Pd) 
OsO>-N(2)-P(2) 
Cs(3)-N(2)-P(2) 
C«4)-N(2)-P(2) 



31)4.0(3) 
293,0/3) 
30b.O(3) 
356.f>(3) 
380.8(4) 
371.7(4) 
378,0(4) 
384.0(4) 
355.6(4) 
371.9(5) 
361.5(4) 
311.9(3) 
299.4(3) 
300.7(3) 
388.7(5) 
386.5(6) 
362.6(5) 
366.1(6) 
388.9(7) 
391.4(7) 

153.1(3) 
153.2(3) 

69.20(9) 
96.88(8) 
91.43(8) 
96.60(8) 
86.89(S> 
86.83(9) 
89.01 (8) 
95.94(9) 
83.06(8) 
83.12(8) 
92,05(9) 
90.24(8) 

109.9(2) 
115.4(2) 
1453(2) 
128.2(2) 
139.0(2) 
99.5(2) 



Cs(3)-NC) 
Ot(3HN(3) 
Os(3)-N<4) 
Cs(3) - 0(43) 
Cs(3) -0(44) 
Ci(3) — C{48) 
G>(3) — C<61) 
Cs(3)-C((2) 
Os(3) -Q105B) 
Cs(3)«*C(l06B) 
O(4)-N T 0) 
Ot(4)-N(2) 
Cs(4)-N(4) 
0(4)-C(l9) 
■C(20) 
■0(23) 
■ 0(24) 
•C(203) 
■0(204) 
■0(205) 
■0(206) 



Cs(4) 
CM A)' 
Os(4)- 
Os(4)- 

Cs(4) ■ 
Cs(4)- 
0(4) 
Nf3)~P(3) 
N(4)-P(4) 



Cs(i)-N(l)-Cs(2) 

cs(n-Nn>-cs{4) 

Cs(2)-N(l)-Cs(41 
Os(l)-N(2)-Os(3) 
a(U-N(2)-Cs(4) 
Cs(3)-N(2)-Cs(4) 
0(l)-.N(3VO(2) 
Os(l)-N(3)-Cs<3) 
a(2)-N(3)~Os<3) 
Os(2)-N(4).Os{3) 
Cs(2)-N(4)-Osf4) 
C<V).N T f4)-Os(4) 

a(l)-N(3)-P(3) 
Os(2KN(3)-P(3) 
Csf3).N(3)-P(3j 
Cs(2) N(4). W4) 
(>(3)-N(4) P(4) 
C?(4) N(4> ft'4) 



296.4(3) 
315.2(3) 
306.8(3) 
353.5(4) 
359.8(5) 
380,8(5) 
383.0(3) 
353 3(4) 
388,8(6) 
3884(7) 
292.3(3) 
337.7(3) 
293.2(3) 
348.ST3) 
376.0(4) 
383,7(4) 
354.2(4) 
352.2(g) 
369.1(7) 
369.2(8) 
38.1.3(7) 
152.6(3) 
153.0(3) 

81.75(8) 
96.44(9) 
89.50(8) 
92.63(8) 
89,41(8) 
82.80(8) 
83.47(7) 

8<>,<a(8) 

93/13(9) 
95.10(9) 
91.52(8) 
88.94(8) 

1103(1) 
154.6(2) 
107.9(2) 
116.3(2) 
113.2(2) 
141.2(2) 



Experiincntcllvr Tcil 

Die Versuche erfordem AiLsschluB von Feuchligkeit und 
Sauerstofl* Alle Hand lunge n wurden unter Argon aus- 
gel'tlhrt. THE. Toluol und Hexan wurden Uber K/Na-Legie- 
rung deslilliert. Ph 3 PI 2 |°] und £l 3 PBr 2 wurden nach 
Literaturvorschrift dargestellt. Ammoniak 3.8 (Messer- 
Griesheim). KH (Merck- SchuchardL Hohenbrunn), Rb und 
Cs (Aldrich) waren handelsUbliche Chemikalien. Die. \R- 
Speklren wurden mit einem Bruker IF$-86-Gerai aus- 
gefUhrt. Csl- und Polyelhylenscheiben. Nujol-Verreibungen. 
FUr NMR-Spektren sland ein Bruker-Genit AM-400 zur 
Verfiigung. 

| KhNI'l'li 3 |<, ■ 4 '/.Toluol (I). Bei -78°C wird auf 3.06 g Rb 
(35*8 mmol) in Gegenwart kalalytischer Mengen 
Fe(N0 3 ) 3 - 9H 2 0 40 mL NH 3 liq. kondensiert. Die blaue 
Unsung entfarbt sich innerhalb von 2.5 h unier Bit dung finer 
klaren. leiehl gelblichen Losung von RbNH: in Ammoniak. 
AnschlieBend werden unter slarkem RUhrcn 5.21 g Ph 3 Pl2 
(10.10 mmol) langsam zugegeben. wobei der gelbe Feslsloff 
in einen voluminosen beigelarbenen uhergeht. l£s wird 6h 
nachgerUhrt, Ammoniak abgedamplt und i. V'ak. von fliichli- 



gen Antcilen befreit. Der fcsie RUckstand wird mil 60 mL 
Toluol bei 20 °C extrahiert und stark eingeengt. Aus der gel- 
ben Losung werden innerhalb von 12 h raulenfftrmige klare 
gelbe Einkristalle erhalten. Ausbeute: 1,28 g (3,54 mmol, 
35% d.Th.). Die Ausbeule kann durch V'erwendung eines 
Ibluol/THF-Gemischs (1:1) und Fallung mit Hexan auf ca. 
65% gesteigert werden. Im Vakuum wird Toluol bereitwillig 
abgegeben. 

C|3 V H 126 N 6 l» 6 Rbft (2585.22) 

Elementaranalysen fUr C 1 o8H 9 oN 6 P 6 Rb r , (2170^9); C56, 
79 (ber. 59,76), H 4,26 (4 ? 18). N 3.91 (3 r 87)%. 

IR'cm- 1 : 1301 w. 1273w. 1186 wst. M65wi. 1090st. 10<>3m. 1026m. 997w. 
854 vu; 747m. 73Usi, 697v^st. 619vw, 530 vsl 511st 466m. 454 w. 444 w. 
382v^v.290m. 198m, 111 w. 

|CsNIMMi 3 U <2a, 2I»), Ansal/groBe: 3,75 g Cs (28.2 mmol), 
4.46 g Ph^PU (8,64 mmol); Reaktionsdurchfuhrung wie bei I. 
Nach beendeter Reaklion wird in 25 mL Toluol aufgenom- 
men und bei RT extrahiert. 

[CsNPl'hala ist gut in Toluol loslieh. we.wegen das Filtral 
weitestgehend eingeengt und zur Fallung mit 80 mL Hexan 
verseLfl wird. Nach Filtration des gel ben Produkt- Put vers 
wird beim Trocknen i. Vak. Toluol nichl abgegeben. 
Ausbeute: 2.24 g (CsNPPh^ • 2 Toluol (57%d.'lTi.). 

Snkristalle xx>n |CsNPPh 3 | 4 • 2 Toluol • 3 V 4 Hexan (2a) 
wurden aus einer bei RT gesattiglen Losung von CsNPPh 3 
in Ibluol/Hexan (1 :1) unter Krypton bzw. Xenon bei (25 °C 
als gelbe klare Oktaeder erhalten. Diese zerfallen aufierhalb 
dieses Milieus ziigig durch Abgabe von Hexan und Verlust 
des kristallinen Habitus zu [CsNPPh 3 ] 4 • 2 Toluol. Aus mit 
Hexan gefallten Losungen unter Argon fallt 2 a innerhalb 
von zwei Wochen ebenfalls aas. Einkristallines Material von 
|CsNPPh 3 | 4 • 2 Toluol (2 b) wird durch Zugabe von Toluol zu 
einer gesattiglen Losung von CsNPPh 3 in Toluol mit Hexan 
bei RT unter Argon in Form monokliner klarer gelber Slab- 
chen innerhalb von 12 h eilialten. Diese behalten beim Ew- 
kuieren im Vakuum ihren kristallinen Habitus, geben kein 
Ibluol ab. 

Elementaranalysen fur |CsN r PPfh| 4 • 2 Toluol: Q 6 H 76 Cs.,N , 4 P 4 
(1821.09): C 53.88 (her. 56.72). hi 3.94 (4.21). N'3.07 (3,08). 
Cs 29.02 (29.19)%. 

|CsNPPh 3 | 4 - 2 Toluol - .V/ 4 Hexan (2 a) 

IR/cm' 1 : 1296w, 1269m, 1222%-w. 1183vst. 1091 wl. 1061m. 1028m. 
1013 vw. 996w. 845 w. 747 va. 728si. (»4 x-st. 619 vw. 515m. 505 m. 470m. 
4<i4 m. 446 m. 289 m. 24/i w. 195 m. 



|CsNPPh 3 



Ibluol (2 b) 



IR'cm- 1 : 1.^00 w. 1272 w: 1220 vw, 1 176 vst. 1092^1. 1061 m, 1026m. 998 w. 
849 vw. 749st. 738st. 728st. 696 vst 618\-w, 529vst. 522 vst. 511st 466m. 
438 w, 293 m. 196 m. 

|KNPPIi 3 U 4Toluol. Bei -78°C werden zu 80 mL NH 3 liq. 
5,62 g KH (140,5 mmol) langsam zugefugl. wobei sich unter 
H r Ent wick lung eine weiB-graue Suspension bildet. An- 
sch lie Bend werden 21,34 g Ph^PU (41.35 mmol) portions- 
weise unter Bildung einer gelb-grUnlichen Suspension zuge- 
geben. Es wird 3h nachgerUhrt. Nach Abdampfen des 
Ammoniaks und Evakuieren Nlichtiger Bestandteile wird 
zweimal mit je 80 mL Toluol heiB extrahierend filtriert. Nach 
Einengen des Filtrals auf ca. 40 mL kann der Ausfall des in 
der Kiiile schwerliwlichen Produkles durch Fallung mit 
Hexan vervollstiindigt werden. Nach filtration und Trock- 
nung i.Vak.. bei dem nicht kcwrdiniertes Toluol abgegeben 
wird. werden 635 g gelbes pulveriges KNPPh 3 • 2 Toluol 
(18.61 mmol. 45% d.'lh.) erhalten. Die Ausbeute kann durch 
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Verwendung eines Toluol/THF-Gemischs (1 : 1) auf ca. 65% 
gesteigert werden. 

C| 3ti HizsK A N 6 P6(226a94) 

Elementaranalysen fiir Ci^H^K^NftlV. (2076,66): C 63.46 
(bcr. 70.53), H 4.78 (5.14). N 4.00 (4.l>1), K 9.98 ( 1 1.26)%. 

IR/cm 1 : 1304 w. 1271 w. U86vst. lltfvsi. !0%si. 1065m. 1026m. 999m. 
754 m. 747 m. 731 w. fj98vsi. f»75 w ftl9vw. 536 rai. 529 wsi. 461 m, 446m. 

IKNPKtjl^ AnsatzgraBe: 7.N4 g Et 3 l'Br 2 (28.20 mmol). 
3.80 g KH (95,0 mmol); Reaktionsfuhrung vvie bei 
|KNPPh 3 |«-4Toluol. Nach erlolglcr Mugabe von El 3 PBr 2 
wird 2 h nachgerUhrt: anschlieBend werden 50 mL Hexan bei 
-78 °C langsam zugetropfi und 3h geruhrl. Nach dem Auf- 
tauen wird von Ungeloslem filtricrl und das Filtrat zur 
Trockne eingeengl, woraus KNPElj speklroskopiseh sauber 
erhallen wird Das Produkt isl in alien gangigen Losungsmit- 
teln sehr gut loslich. greiff a bcr prolonenaktive an. Ausb cu- 
te: 4.34 g (90% d.Th.) solvalfreies KNPEI3. 
Elementaranalysen: CrflisKN'P (17126): C 40,58 (bcr. 
42.08), H 8.57 (8j*3). N 8.20 (8.18), K 22,29 ( 22.83)%. 

IR/cm" 1 : 1257SI. 1!64vsi(br), 1087 w. 1034m. 1012 m. 757 a. 743sl. 691 m. 
673 m. 634 m. (£21 m. 590 w, 464 w. 438 m. 37om. 307 m. 249 m. 143w. 

NMR.OT«luol-d a : 'H: J.OtVO.97 (t. 3H. 3 J ol =■ 6.4 Ht. P-CH-CH,): 
1.16 (nv 2 H. \l c „ « IS Hz. P-CH 2 ~CH 3 ). 

lNaM'Ph.,| fi - T»liii»l. 14.34 g Ph*PI 2 (27,79 mmol) werden 
mit 432 g NaNH 2 (1 15.9 mmol) in 100 mL Toluol/THF 
(100:1) suspendiert und unler ge legem lich em Evakuieren 
des entstehenden A mm on inks gerUhrt. Nach 1 h isl das gel be 
FS-Gemisch in ein beigefarbencs Ubergegangen. Nach drei 
Tagen wird von Ungeloslem abfiltrierl. einmal mil 20 mL 
Toluol gewaschen und das Filtral sehr stark eingeengl. Dar- 
aus wird das Produkl mil 70 mL Hexan gefalll. Nach Filtra- 
tion und Trocknung erhalt man das Produkl als beiges PuL 
ver. I. Vak. werden eingelagerte Losungsmittelmolekule 
abgegeben. Ausbeute: 6,82 g (22.78 mmol, 82% d. Ih.) 
C lI5 H 98 N 6 Na 6 P 6 (l^7,86) 

Elemenlaranalysen fur C^H^Na^ (1795.72); C 7127 
(her. 72.24). H 4.85 (5.05), N 4,48 (4.68). Na 7.68 (7.68)%. 

IR/cm* 1 : l3U3w. 1271 w HS6vsi. IfWSst. 1065 m. 1025 m. 997 m. 919 w. 
743st. 735m. 69.8 vsi. 6l8vw, 534 v«, 527 st. 516m. 467m. 444m. 

Der Deutschen Forschungsgemeinschall und dem Fonds der 
Chemischen Industrie dank en wir fiir groBziigige finanzielle 
Unlersiutzung. 
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8 • Acidity, basicity, and pKa 



If we want to know the basicity of ammonia, we must look up the pJ^ of its conjugal 
ammonium cation, NHJ, proionated ammonia. Its pi^ is 9.24 which means that anv 
weaker base than hydroxide — the for water (the conjugate add of hydroxide) is 15.7 
Now we an saromonze the states of ammonia at different pH values* 



■HI 



pH <S^4 pH 7 pH 9.24, 
neutral to via 



pH 10-S3 pH -33 pH >33 
etjpnfty bssie very strongly fcurio tn*»d 



pHlfi 

limit of measurements in Mater 



Scales for basicity— pK B and pK^ 

The material on this box is cjulto mtthsm&icai and may be 
skipped you find it too etwn. 

it is otencenveniem tobe able to refer to ths (iasTclty of e 
uubsscfic* ^c^,tnsofr»te^ a *fffefEnt scale la 
used, pK&> Th ts to dsrtod twn constotna how much 
tydcoftia Ian a base forma ft water rather inan how mueft 
hydraitium Ian the cortf ugato «td forms. 
Fertfto pXq tceiei 

B(aq) ♦ H a 0 ess OK1«0 ♦ BK f (»n) 

Hanosi 
pH* 

PajthepKafltaJo: 
BH'taoj + HjO 



HaO^^Btaq) 



Henee 



Just a* in tea acid p^scate, the tow toe p^t 
etrcnger tno octd, in the baste pffe seek, (he to 
pty, tfia etrcnga/ttia base* Tho too antes arer 
the (wwtustof tho eouathrlum cccstfints wmpiy. 
lorfc product of water. 

■(OK-JiHaon-^ -io- 14 ' 

that la. 

0^*P«9«P%*M 

Thar o is a separata scale far oases, bat H seenu 
neve two afferent scales, the baste pKa eodtte 
p^ when wwareoandaowe WW sfcHtopJV 
However, to avow any mtttwoajsiantfingsthetcj 
from amphoteno compeunaa Bae ammonia, Wha 
around 33. *e m either aay. 

• The pKg erf ammoniac porfijupie add 9-24 
cr » mw* COncncftty , 

♦ ThapP^ol ammonte Is {tfseio pKs* tin 
rruun3thftp^otth€COn£uge»ac£d) 




What factors affect howbasic a compound is? 

This really is (be same as the question we were asking about the strength of an add — the D 
hie* the base, the weaker it is* The more accessible the electrons are, the stronger the 
Therefore a negatively charged base is more likely to pick up a proton than a neutral one 
pound in which the negative charge is deiocalised is going to be less baric than one with a rr 
centxatei localized charge, and so en* We have seen that caiboxyiic adds are stronger a* 
simple alcohols because the negative charge formed once we have lost a proton is deiooli 
two oxygens in the carboxylase but localized on just one oxygen for the alkoxide. in other w 
atkoxide is a stronger base because its electrons are more available to be protonated. Since 
already considered anionic bases, we will now look in more detail at neutral bases. 



e 

o— H 



There arc two main factors that determine the strength of a neutral base; how accessd 
lone pair and to what extent can the resultant positive charge formed be stabilised either by 
ization or by the solvent The accessibility of the lone pair depends an its energy— 4t is us 
HOMO of tho molecule and so, the higher its energy, the more reactive ft is and hence the 
the base. The lone pair is lowered in energy If It fa on a very ekctronegative element or if • 
ddocalized in some manner. 
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Neutral nitrogen bases 



199 



s explains why ammonia is 10 10 times more basic than water d nee oxygen Is more eiectroneg- 
\ nitrogen, its lone pair is low in energy. In other words, the oxygen atom m water wants 
» bold of its electrons more than the nitrogen in ammonia does and is therefore less likely to 
i (hem to a proton. The. pK^H for ammonia (that is* the p for ammonium ion) is 92i whilst 
||^H fer (&« P& for bydronium ion) is -) .74. Nitrogen bases are the strongest neutral 
a commonly encountered by the organic chemist and so we will pay most attention co these in 
on that follows. 




R 

Ma 

tx 



10.7 
«6u 00.7 



§£ral nitrogen bases 

t Ma is the simplest nitrogen base and has a pJCaH of 9.24. Any substiruent mat increases the 
prrd entity on die nitrogen therefore raises the energy of the lone paii thus making h more 
g|vfor protonatifin and increasing the basicity of the amine (larger pJ^ H } 4 Converaejy, any 
— t .that withdraws electron density from the nitrogen makes it less bask (smaller pi^n). 

£_that increase the electron density on nitrogen 

~ "* * 

pcrease the electron density on nitrogen either by attaching an electron- rcleas- 
jpor by conjugating the nitrogen with an electron-donating group. The simplest 
Wof an decuon-rele&sing group is an alkyi group (p. 416). If we succesafoery sub- 
* ? hydrogen in ammonia by an electron*rdeasing a&yi group, we should 
jeimine's basicity. The p^ H values for various mono-, di«, and rrisubsrjtuted 
ifwhown in Table 8.4. 
jo^odce in Table M: 

s have pKatffi greater than that of ammonia (9J4) 
... nary amines have approximately the same pK^ (about 10.7) 
gotpndary amines have p£> H * ^at are sbghdy higher — — 
e tertiary amines have pK&$ lower than those of the primary amines 
it indicates mar our prediction that replacing the hydrogens by ctectron-rdeosmg alkyi 
I ncrease basicity wis correct A strange feature though is char* whilst substituting one 
1 nonuinoc^ th t Iwsicity by more than a factor of ten (one pK, unit), substituting two 
i in the trisubstituted arninc the pr^H is actually kwer, So &r we have only considered 
Sty, namdy, me availability of the lone pair but the other fitctor, the stabilaation of the 
^e .charge formed on procorution, is also important Each successive alkyi group does 
jy> fsljfo charge because It is electron- releasing but there is ano ther stabihnng effect— 
^hydrogen attached direcdy to nitrogen will be hydrogen bonded with solvent water 
'-|.*lp stabilize the charge the more hydrogen bonding, die more stabltotwn. The 
efore results from a combination of dfccxs: (1) the increased availabiBry of the lone 
km of the resultant positive charge, which increases with successive replacement of 
i)?alkyi groups; and (2 ) me stabilization due to soJvarjon, an important part of which is 
jC^dipa, and this effect decreases with increasing numbers of alkyi groups. 
"v************** . c^pbasa acidity 

If we took atttopK^ vthaa ir»u» gas 
photo, we can cflmfnatfl mt hydrogen 
bwidtngoonuawtoa ami wa and itw 
bssMybw»asealnthaorttew«eaqpca. 
foac to. tfctfery > secondary > priory. 



Table M pi^H values tor primary, soccnd&y, 
and tertiary amines 



iae 

10.7 





^jffftargfe torn Hydrogen hoofvq with sotent 

Sjgj^? is the simplest way to increase the electron density on nitrogen but there 
k ™tioj) with an dear on- dona ting group produces even stronger bases (p. 202) 
"te'itha electron density by using elements such as sOicon. Silicon is more 



P*^ R 2 NH 
108 

110 
U-8 



9.8 

10J 

103 
9.8 
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8 • Acidity, basidty, and pK a 



X X 



<♦) H 



coioft anion 



Amidines are stronger bases than amides or amines . ^ 

An amidine is the nitrogen equivalent of an amid*— a C«NH group replaces the aubonyl Arij 
are much more basic than amides, the pK^s of ami dines are larger than those of amides by? 
so there is an enormous factor of 10" in favour of amidines. In tact, they are among the i 
neutral bases. 

An amidine has two nitrogen atoms that could be piotonated— one is sp 3 hybridized, tir 
sp* hybridized. We might expect the sp* nitrogen to be more basic but protonatjon occurs at 
nitrogen atom. This happens because we have the same situation as with an amide: only ifw$ 
nate on the sp 2 nitrogen can the positive charge be delqcalized over both nitrogens. We j 
both bne pairs when we ptotonate on the sp 2 nitrogen. 




The electron density on the sp 2 nitrogen in an amidine is increased through conjugation ' ' 
sp 3 nitrogen. The detocalized amidinium cation has identical C-N bond lengths and at; 
charge shared equally between the two nitrogen atoms, h is like a positively charged analo 
carboxylate ion. 



eemeqtme Ami din o 



Two fceoucnay usee ami Ota* bowa are 
DSN (1.5HaambJcyck)(a.4 m/tonon**) and 

Thoyjre asafertn matte, mora stthio. and tea* 
volatile nun slmpteramUfiras. 



D8U 



X 

Cuanidina: 33.6 



ve*y etaefee gwniolfflum wflon 
eaonw taetftW 
of apeaJOvecharBft 



H 



H 




vtsy stable eartoenate dtenten 
aadiH tetwCHhtate 
of a negatwa change 



Guanidines axe very strong bases 

Even more basic is guaMdinc, pK^ ttM, nearly as strong a base as NaOH! On protonatmnT 
itive charge can be delocalkea 1 over three nitrogen atoms to give a very stable cation. Alt t 
gen lone pairs cooperate to donate electrons but protonation occurs, as before, on the s 
atom 




- . Xf 



This time the resulting guanldini um ion can be compared to the very stable carbonate" 
aD three C-N bonds are me same length in the guanidinium Ion and each nitrogen < 
same charge (about one - third positive). In die carbonate dianion, all three C-0 bonds a 
length and each oxygen atom has the same charge (about two-thirds negative as it is a t 

Imidazoline is a simple cyclic amidine and its p£T»H value is just what we expect, 
Imidazole, on the other hand* Is less basic (pKm 7.1) because both nitrogens are \ 
election- withdrawing sp 1 carbon. However, imidazole, with its two nitrogen atoms, is 
than pyridine (p#aH 5 -2) because pyridine only has one nitrogen on which to stabuize 
charge* 





tfntdozo&ne 



imklwoio 



fmlilotolium 
cation 



pyridine 

p*H&.a 



cation • 
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X. RELATED PROCEEDINGS APPENDIX 

None. 
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